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PKEFACE. 



This book does not pretend to give any new facts 
or opinions upon the subject of which it treats. Any 
claim to attention it may deserve is based upon its 
being an attempt to embody the principles of boiler 
construction and management, together with numerous 
opinions collected from the writer's experience in 
boiler inspecting, and from various sources not acces- 
sible to the majority of those engaged or othervdse 
interested in the application of steam. 

Many of those opinions advanced, which are founded 
on experience, may require repeated modification with 
increased opportunities of observation and as new 
light is brought to bear on the various questions by 
further experiments. 

As anything like a complete history of boiler pro- 
gress is beyond the scope of such a small work as this, 
only a slight sketch of the salient points has been 
attempted in the first chapter. A complete history, 
accompanied by remarks pointing out \\i^ di^ifc^X*'^ *Ock»^ 
have led to ibe disuse of majiy inveii\.\oTv^ e.QrKafc^\fc^ 
wj'tb boiler work, would be of real aeTV\ce \.o Ta»s 



VI PREFACE. 

for, judging by the frequency of the repetition of old 
defects, it would appear to be even more important to 
know what to avoid than what to adopt in designing 
new boilers. 

It is almost impossible in a work like this to men- 
tion authorities for all the information given. Where 
considered necessary, the authorities have been cited ; 
but it may be desirable to specially enimierate the 
following works that have been most largely drawn 
upon for information : — Sir W. Fairbaim's " Useful 
Information for Engineers,'* Peclet's " Traite de la 
Chaleur," Professor Bankine's " Steam Engine and 
other Prime Movers," Mr. D. Kirkaldy's "Experi- 
ments on Wrought Iron and Steel," Mr. E. J. Keed's 
" Shipbuilding in Iron and Steel," and numerous 
articles in "The Engineer," "Engineering," and 
" The Mechanics' Magazine." 

Gjlteshead, 1873. 
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CHAPTER I. 

INTEODUCTOEY, 



<5<l 

The enormous development attained by the system of em- 






toying steam is to be ascribed to its commercial success. Only 
^^ long as it continues to be regarded as less costly than other 
I , agents will steam retain its present position as a motive power, 
Imd for the various purposes in chemical and other manufactures 
^-^U) which it is so largely applied. 

^M Yet there are certain theoretical considerations in connection 

^with the present mode of employing steam, which, regarded in 

e abstract, clearly indicate that we are by no means justified 

concluding that it is the most economical motive power 

ble. Many attempts have, in consequence, been made 

replace steam as a prime mover, but without success, as there 

are found inseparably connected with the employment of all 

other ^agents certain practical difficulties which have as yet 

proved insuperable. 

It is not likely we shall soon see these obstacles overcome ; 
and even supposing the successful employment of some more 
suitable prime mover were rendered practicable to-morrow, it 
would be so long before the present arrangements could be re- 
placed, that it would still be to our interest to «tdvQ \.o ygdc^x^^^ 
our modes of employing the agent we now po8aea&, mA \.o Sca- 
quirein wbiob direction fuithet progress in \t» ewiiO\£L\»s2L v^"^' 
cation aeema to set. 
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4 A TREATISE ON STEAM BOILERS. 

Owing to the want of heating surface, and liability to give 
way at the bottom, these boilers are disappearing before those 
of the present smaller cylindrical type, which, on aoooimt of 
. their strength, are now mostly employed. 

The simplest is that of the horizontal, externally-fired class, 
with fiat or cambered, but most commonly with hemispherical, 
ends, called the ^* Egg-end " boiler. To increase the extent of 
heating surface, without adding to the bulk of the boiler, the < 
internal flue was introduced, through which the hot gases 
pafised on their way to the chimney. 

In order to economise fuel, the fire was at last placed inside 
the tube, giving us the *^ Cornish " boiler, its name being taken 
from the district where it was first mainly employed. In con- 
sequence of the weakness of the large diameter of the single 
internal flue, when a large grate area was required, two flue '. 
tubes instead of one were adopted, which gives us the *' Lan- 
cashire" boiler. 

Numerous modifications of these two types are to be found. 
There is the '^ Breeches-flued " boiler, having the two ftimaoe 
tubes combining into one long tube behind the bridge. The 
weak form of the combustion chamber or neck uniting the 
double furnace tubes with the single flue tube, which, however, 
admits of being strengthened, has been the source of frequent 
disasters. This defect, although not incurable, along with the 
diminished heating surface of the single tube, has led to the 
disuse of this boiler. There is also the " Butterly '' boiler, 
with circular, or elliptical, internal flue. The concave arch at 
the front end, which was introduced to obtain a larger fur- 
nace, is of very weak shape, and renders this boiler unstdt- 
able for high pressures. It is consequently passing out of 
date. 

Another description is the multitubular boiler. The number 
of small tubes are introduced to gain more heating surface. 
The weak point of some specimens of this cl^ss is the combus- 
tion chamber, which requires strengthening by water tubes or 
other means. 

In order to increase the amount of heating surface and 
the strength of the large internal flue tubes, as well as to 
improve the circulation of the water, small transverse water 
tubes have been added to the main tubes. The most conspicuous 
example of this modification of the '^Lancashire" is the 
^'Galloway'' boiler, which has long fo\md ivjo\a 'SR\\2tL %\a!ke^ 
i/sejv. The weak eJJiptical tube, wYien. \ta toxm V& Tifi}t V» 
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irr^^olar, can be adequately streDgthened by the vertical 
conical water tubes, and the whole made capable of Bustainiog 
as great a pressure as any of the internally-fired class enume- 
rated. 

It must, however, not be forgotten that the advantages just 
mentioned are gained by the sacrifice of simplicity, and 
they increase the diJfficulty of examinatioo, cleaning, and 
repairs. 

The " French or Elephant " boiler, with its two " bouilleurs " 
or heaters below connected by water tubes to the main shell 
above, though much used in France, has not come greatly into 
use in this countiy. 

The various forms of vertical boilers with chimneys or flues 
passing through the steam space, may be described as modifi- 
cations of the '* Cornish" type placed on end. By altering 
the posture, however, many properties of the boiler are mate- 
rially affected. 

The vertical is the most protean of all the types of boilers, 
and, as a rule, the most wasteful of fueL At ^e same time, 
their convenient shape renders them an invaluable adjunct to 
many branches of industry. 

The "Rastrick" boiler, used extensively at iron works, 
is a vertical cylindrical boiler of large diameter, with one 
central longitudinal flue tube, communicating with two or more 
horizontal tubes through which the gases from the furnaces 
in connection pass to the central tube on their way to the 
chimney. 

The '' Locomotive" type is much used where little space is 
available, and, when the flat surfaces of the firebox are pro- 
perly stayed, it .can be made a very servicable and reliable 
boiler for high pressures and rapid generation of steam. 

Some of the above-mentioned boilers have circulating and heat- 
ing tubes added, such as Field's, Gadsby's and others, which 
add greatly to their steaming power, especially when new, and 
alsoj it must be admitted, to their complication. 

Besides these cylindrical boilers, which are more or less of a 
simple type, there are the various kinds of so-called tubulous 
boilers now coming rapidly into use. These are, for the most 
part, modifications of the type first introduced by Woolf, con- 
siBting of numerous pipes, in which the fiteam. \& ^^\ie;t«^^^ 
communicsiii?^ with a receiver above, in "w\Ac\i ife ^^cvxtoxv- 
Jaiea The object aimed at in these boHera la eaie^y tcoxo. ^^^- 
aatrouB explosions and ecouomy of taoU "For ^^rj ^s^^ 
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ii * 

^ preasares, some arrangement of this description will donb 

■[:, oome largely into future use, but at present the design of i 

than one type appears to be in a transition state, and se^ 
'■' very ugly, though not fatal, explosions have already occu 

J i with some of these so-called inexplodable boilers. 



CHAPTEE II. 

STRENGTH OF CYLINDER, SPHERE, AND FLAT SURFACES. 

In analysing the yarious forms of boiler shells, they are found 
to resolve themselves into the cylinder, oval, sphere, cambered 
&Dd flat surfaces. 

THE CYLIKDEB. 

According to the well known law of hydrostatics, the pros- 
sore of steam in a close vessel is exerted equally in all 
<iirections. In acting against the circumference of a cylinder, 
the pressure must therefore be regarded as radiating from 
the axis, and exerting a uniform tensional strain through- 
oat the enclosing material Its tendency to cause longi- 
tudinal rupture, or to rend the cylinder in lines parallel 
to its axis, may be considered as a force acting and react- 
ing in opposite directions to divide the cylinder in two. 
As it must be exerted on equal areas in order that the action 
and reaction may be equal, this divellant force may be con- 
sidered as the pressure exerted on the semi-circumference, and 
tending to rupture the cylinder in a plane drawn through the 
diameter. It follows, however, from the pressure acting 
equally in all directions, that the whole amount exerted on the 
semi-circumference is not equally effective in producing strain 
perpendicular to the diameter through which the cylinder may 
be assumed to rend. 

If we examine the force tending to cause rupture through 
the horizontal diameter A B. (fig. 1), we shall find the pres- 
sure is exerted directly upwards and downwards only along the 
vertical diameter CD. As we recede right audlQi\>ixQ'm.\X£k& 
line, the pressure is exerted diagonally Mvitla. d\umi\3^\\i^^^'s?^- 
csd effect, to produce tension at A. and B., xmtVi *\\. ^«o:y^«s 
altogether when we re^ch these points. TYie t«A\B2l ^xeiejKoa 
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at any point may be resolved into two forces, th< 
vertical and the other horizontal It is evident 
latter has no tensional effect at A B. By taking the 
ponent vertical forces at an infinite number of points i 
semi-circumferenoey it can be proved that their sum is 
to the full pressure exerted on a line equal in length 
diameter. 

We may consider the cylinder as composed of a num 
rings of a unit's length, say 1", placed side by side, es 
which resists the pressure independently of the i^t. 

Let AO B D represent sudi a ring, and let P = pi 
per square inch ; x y, a veiy small portion of the circumfe 

and a the angle it : 
Fig. 1. with A B. The pressu 

erted upon x v, alon 
radius which passes th 
its centre, will be P > 
K we decompose this 
the vertical oomponen 
be represented by P : 
X cosin. a ; but x y : 
a is equal to the proj 
b 6 of the arc x y o 
diameter A B. The v< 
component will then be 
to P xhh, and the si 
all the vertical comp< 
win be P X A B. 

Hence the force tending to rupture the cylinder longitud 
is represented by multiplying the diameter by the pressu 
each unit of surface. As this applies only to a cylindei 
unit's length, it is evident that the total amount of 
tending to divide the cylinder in lines parallel to its a 
found by multiplying the above product by the length c 
cylinder. The practical truth of this has been prov( 
experimeui 

The retaining force opposed to this pressure is evident] 
resistance of the material at the two opposite sides whicl 
the strain. 

The manner in which the strain is borne by the mt 

depends greatly on its thickness. When this is conside 

compared with the diameter, aa in \17dxaa1V\Q ^t^»;&«' 

oAonon, the inner layen of the matexlaSL ax« mox^ ^ 
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taxed than those on the outside. This difference may be so 
great that the latter render no material assistance to the 
former. If we take two straight bars of the same material and 
eection, but of different lengths, and submit them to the same 
tensile strain, they will be stretched, withia certain limits, in 
proportion to their length. Suppose a bar 1 foot long is 
stretched -^ iuch by a given weight, then a similar bar 10 feet 
long would be elongated 1 inch by a similar weight, the exten- 
sion being simply a factor of the length.* In a cylinder, say 
of 3 inches diameter and 2^ inches thick, we may consider the 
thickness as divided into ^-inch layers. The inner layer will 
have a mean length of about 11 inches, whilst the outer one 
will be about 23^ inches long. Suppose the material just 
capable of bearing an elongation of -^-^ inch per foot, then the 
inside layer would be damaged by an iDtemal force that would 
expand the cylinder -^ inch in diameter, whilst the outside 
layer would be stretched only to about one-half its tensile 
limit, being twice as long as the other. From this it may be 
9BGR how any increase in thickness beyond a certain degree 
may not add to the strength of the cylinder. The thickness of 
boiler shells and tubes is, however, so small compared with 
their diameter, that the tension from the radial pressure may 
be regarded as being uniformly distributed throughout the 
material, the whole section thus actlug together to resist the 
strain. 

The strength of the cylinder to resist transverse pressure is 
therefore proportionate to the thickness, and is represented by 
the tenacity or tensile strength of the material multiplied by 
the section on both sides, or twice the thickness multiplied by 
the length. 

At the moment of rupture, this retainiag force is equal to 
the bursting pressure. 

Bepresenting the pressure in < lbs. per square inch by P, 
the diameter in inches by D, the length by L, the thickness of 

• From the results of some tests of wrought-iron bars, Sir W. 
Fairbaim erroneously deduces a rule which makes it appear that the 
rate of elongation increases with the decrease of length. On approaching 
the breaking strain, a bar of good iron of uniform section always draws 
out considerably at and near the point of fracture. The amount of this 
local elongation, provided it be free to act, is independent of th& l^\i^\i ^1 
the bar, and consequently^ the ratio it bears to the to\ia\ \e;u\^ \w^\^'^^'& 
as tibe Ungtii of the bar decreases. This fact haa ev\deu>X^ \i^^ ^^^'^" 

Inated, &Bd ia apparently the cause of the error which lnaa \>^t^ %e\^stt!i^ 

aeoeptod nntU iadieated by Mr. ffirkaldy 
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the material in inches by T, and its tensile strength by c, we 
haye at the point of rupture 

PDL=2TLc. 

The factor L can be suppressed, and the equation stands— 

P D = 2 T c. 
DP 



T = 



2c 



In calculatiDg the strength, it is usual to consider the length 
as unity. The correctness of this is here shown, the extra 
pressure due to increased length being balanced by a propor- 
tionate increase of material. 

Although the length does not affect the strength of a cylin- 
drical boiler with respect to the action of the internal pressure 
per ae, we shall afterwards find that the length is an important 
condition when the expansion and contraction of the boiler on 
its seatiDg are regarded as elements of weakness. 

From the foregoing considerations, it is obvious that the 
strength of a cylindrical boiler to resist longitudinal rupture is in 
direct ratio to the thickness and tenacity of the material, and 
inversely as the diameter and the pressure. Speaking theoreti- 
cally, and assuming the material of a cylinder to be of perfectly 
imiform strength throughout, it would be uniformly stretched, 
and its diameter increased by sufiioient pressure. On reaching 
\h.e bursting point it should give way all round its circumference 
at the same instant — in fact, be " blown to atoms." Of course 
this argument is entirely hypotheticaL In practice there are 
always one or more lines of less resistance through which the 
fractures pass, leaving the rest of the material comparatively 
intact. 

The tendency of the uniform radial pressure is to maintain 
the perfect circularity of the cylinder and to restore this form 
when it is departed from. Should the cylinder be somewhat 
oval, the two opposite sides at the extremities of the minor 
axis, having a greater pressure against them, will have a 
tendency to bulge outwards imtil their resistance becomes equal 
to that of the rest of the circumference. 

22us equilibrinm of pressure and Tenatsuce oai^ ot^-^ \m ts^moi- 
tAmeii when the circumference is perfectly o\xc;vx\ax. 



THE CTUNDEP. 11 

In a shell of wrought iron, the perfect circularity cannot be 
obtained when the plates overlap longitudinally. In this case 
the deviation from the accurate circle is usually but trifling, and 
the weakness caused by the lap is rather to be attributed to the 
unequal distribution of the strain through the plates at the 
joints than to the deviation from the circular form. 

In a cylinder made with flat ends, the strength imparted by 
these renders it less liable to stretch at the extremities than at 
mid-length. Such a cylinder has thus a tendency, imder in- 
ternal pressure, to assume the form of a barrel 

Assuming the material to be sufiiciently pliable, like india- 
rubber, and able to bear sufficient stretching, the sides would be 
further curved, and the spherical form be eventually attained by 
sufficiently increasing the pressure. 

In very short cylinders, the ends play an important part in 
increasing the resistance to bursting longitudinally ; and where 
the length does not exceed the diameter, the strength approaches 
that of a sphere. In practice, however, local weakness arising 
from various causes — such as corrosion of plates and rivet heads, 
flawBy ^c — ^may lead to failure, against which the aid from the 
ends cannot be coimted upon. 

Again, in oval shaped boilers, the end plates assist materially 
in maintrfiining the shape against the tendency to become 
circular nnder internal pressure. Since the aid lent by the ends 
diminishes as the distance from these increases, an oval boiler is 
most liable to change of form at mid length. 

In consequence of their tendency to alteration of shape under 
pressure, it is almost impossible to give any rules for the strength 
of elliptical boilers, as their resistance varies with every change 
of shape, according to very complicated laws. 

We have now to consider the strength of a cylinder to resist 
bursting in a plane perpendicular to its axis. The force tending 
to divide it transversely by separating two contiguous rings is 
evidently the amount of pressure exerted against the two ends 
which may be represented by the area of the cylinder multi- 
tiplied by the pressure per square unit of surface, or 

4 

The resiatance opposed by the cylinder to tlo^ \oTi^\.>a>^va:^ 
fame h measured by the tenacity of the m«Afirva\. «aA ^ 
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amount brought into play to withstand the presmire. This is 
evidently the whole circular section of the cylinder, and as the 
strain acts directly, the whole tensile resistance of the material 
is exerted. The strength is therefore expressed by the area 
of the annular section multiplied by the tenacity of the material, 
or TT T (T + D) c, when rupture is about to take place the 
bursting force and resistance are equal, therefore, 

P^ = 7rT(T + D)c, 



^T-(^-) 



Cf 



T 

neglecting — , which is usually small, we get 

4c 
As the formula for the longitudinal strength is 

T = ^-^ 

2c » 

on comparing these two formulae we see that with the tame 
internal pressure, diameter, and thickness of shell, a cylindrical 
boiler is twice as strong transversely as longitudinally. 

It must not, however, be concluded from this that a oyliu' 

drical boiler is always more liable to burst from longitudinal 

. than from transverse weakness. Many explosions oceur from 

the latter source, the cause of which we shall consider fully 

when treating of the wear and tear of boilers. 

It may be here observed that in most experiments on the 
tenacity of metals, the material is not subjected to any lateral 
strain, whereas in a cylinder under internal pressure the metal 
is strained both longitudinally and transversely at the same 
time. The question then arises whether this circumstanoe has 
any influence on the strength of the material, and whether we 
sre juBti&ed in taking the direct tensile Btreng^ m Q«\cra\BJ(s&% 
t/ja reaiBtanoe of a, cylinder. This queatiou \iaa V]!d%>m«&.w^ 
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at rest by the diiect experiments of Navier on wroaght-iron 
spheres, as well as by long experience with boilers at work, 
which show condnsiyely that the strength of the metal is not 
affected when it is strained simultaneously in all directions, 
and the resL^tance is the same as when l^e stretching is ex-/ 
erted in one direction only. 

A table of the strength of wrought-iron boiler shells of dif- 
ferent dimensions is gii^en at page 311. 

A cylinder or tube in resisting external fluid piessure may 
be considered as an arch. As the pressure is exerted equally 
all round the circumference, the figure, in order to resist it 
uniformly, should be similar to itself all roimd, and therefore 
a circle. Speaking theoretically, if the circular form be per- 
fect, and the resistance of the material quite uniform through- 
out, the tendency of the pressure will be to diminish the dia- 
meter by compression. On its compressive strength being ex- 
ceeded, it will depend on the nature of the material and other 
conditions, whether the thickness of the cylinder will increase 
in proportion as the diameter is diminished, or whether the 
material will also be forced out at right angles to the pres- 
sure against it, thus lengthening the cylinder. 

The force against any two opposite sides tending to dose 
them together by forcing out the rest of the circumference at 
right angles will be exactly balanced by the resisting force ex- 
erted here, and the whole pressure and resistance will be in' 
equilibrio at all points of the circumference. 

Should, however, the figure and material of the cylinder not 
be perfect, which is always the case in practice, and more espe- 
cially in tubes of considerable diameter compared with the 
thickness, the equilibrium is destroyed, and the tendency of 
external pressure is to aggravate any deviation from the circular 
form and consequently to cause collapse by excessive pressure. 
The collapsed cylinder may assume various shapes, depending 
upon the original form and want of uniformity of strength in 
the materiaL 

It has been shown that the strength of a cylinder to resist 
internal pressure was not affected by its length, when we disre- 
gard the extra strength imparted by the ends. But it is other- 
wise with a cylinder exposed to external pressure, its power of 
resistance being materially influenced by its length. 

The important part phyed by the len^b oi ai c;5\Mi<ii«t yol \^ 
sistin^ external preaaure is not generally \m.der«.\»oodL \mi"Wi\. 
mtila fewyeaxa ago, it was altogether imkncrim, «a^ ^^^ ^"^ 
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ascertained by experiment. When we bear in mind tbat tke 
tendeDcy of internal pressure is to rectify any deviation from 
the circular form, whereas external pressure tends to aggravate 
any distortion, it can be clearly seen where the analogy of the 
two cases fails in considering the effect of the length upon the 
power of resistance. Were the cylinder under external pres- 
sure theoreticaUy uniform both with respect to material and 
shape, the length would not affect its power of resistance if we 
disregard any additional strength lent by end attachments, which, 
however, in this case would exercise only a limited influence. 
Such a theoretical cylinder is self supporting with respect to the 
pressure. But on the least departure from the shape on which 
this self-supporting principle depends, it is evident that the as- 
sistance of the end attachment is very material in maintaining 
the form of the tube. 

The value of this assistance will decrease as the distance 
from the ends increases. Hence the surface of an irregular 
cylinder or oval tube may be regarded as a beam supported at 
both ends, having the load uniformly distributed. The strength 
of the tube must therefore be dependent on the laws which 
govern the strength of beams. Any strip of a unit's width 
taken for estimating the strength must, however, be regarded as 
a beam of undefined section, in consequence of the strength 
imparted by the arched form, and the material on either side. 

The rule usually employed for the strength of cylindrical 
tubes, subject to external pressure, is deduced from the results 
of a valuable series of experiments conducted by Sir W. Fair- 
bairn, and given in the second series of his '^ Useful Informa- 
tion for Engineers." It is as follows : — 

7 2*19 

P= 806,300 X ^ — (1) 



a convenient modification being 



2-19 



P = 33-61 x-ii5?J^ (2) 

For facility of calculation it may be written, 

Log. P = 1-5265 + 219 log. 100 k — log. L D. 
Here P = collapsing pressure per square inch. 
k = thickness of tube in inches. 
Id = length of tube in feet. 
D= diameter of tube in inohea. 
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^^e following nr^^ ,„^ ^^ ^^ ^,.„ ^^ ^ 

y =002668. 
(32 j =^'03686. 

/ 5 \ 219 

{32 j =009«*6. 

/13\ «» 

(32J =013908. 

y =016368. 

/15\ »'» 

(32J =019027. 

r 

/ 1 \ "» 

^yj = 0-21916. 

/17XJI. 

UJ =<>"25027. 
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Vie/ =^'28364. 
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VTJ =^'35725. 

9iead of the 2 '1 9 

r taken as fce^STL^* '^'^^ °* ^^* \la«ku«» Sa 

8 sufficiently correct fox pxwVic*. -Y^*, 
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it may be renutrkedy gives a higher ooUapsing pressure, the 
thickness being always in fractions of an inch for boiler tubes. 
For ordinary lap-jointed tubes, the square of the thickness gives 
a result nearer the collapsing pressure, found by experience with 
boilers in use. It must, however, be observed that the experi- 
ments referred to were made with tubes of a length not ex- 
ceeding 15 diameters. Theoretically speaking, when this pro- 
portion of length to diameter is exceeded, the collapsing pres* 
sure given by the rule is too high. This objection applies, 
practicaUy, to small solid-rolled wrought-iron and brass tubes. 
But when the tubes are made up of courses of plates, the 
lap or butt joints at the ring seams become an element of 
strength, the tube being virtually divided by these into so many 
short lengths. These transverse joints only require to be made 
sufiSciently strong, in order to render the distance between them 
the actual length by which the collapsing strength is to be 
measured. The most important result of this fact is the power 
it gives us of reducing the thickness of the plates, without 
diminishing the diameter or total length of the tube. 

Bearing in mind that the strength is impaired by any devia- 
tion from the true circle, it is obvious that the employment of 
the lap joint for the longitudinal seams must have an injurious 
effect on the resisting power of a tube. 

In the experiments referred to, two tubes were tested, 37 inches 
long, 9'' diameter, and i" thick, one having single riveted lap 
joints, and the other butt joints, with a single strip at the longitu- 
dinal seams. The results showed a loss of more than one third 
in strength of the former, as compared with the latter, the ratio 
bcLDg 7 : 10 nearly. We then see how seriously the collapsing 
strength of even a short tube, only four times the diameter in 
length, is impaired by a departure of -^^th. of the diameter from 
the circular form, and the necessity of welding or butting the 
plates when great streogth is required. In practice, however, 
the longitudinal seams of furnace tubes are usually arranged to 
break joint in successive courses of plates. This arrangement, 
together with the increase of strength due to the lap at the ring 
seams, appears from experience to bring the collapsing strength 
fully up to that given by the formula, 

^ _ 806,300 Ar* ,«>. 

^ " "LD ^^^ 

In castfB where the circularity is not depdxted ixoTo. \>o «b %x^«^<^ 
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extent than twice the thickness of the pktes composing the 
tube. 

When the plates are arranged so that their length in a longi- 
tudinal direction is short and the longitudinal seams break 
joint, the weakness of the irregular cylioder is not so likely to 
be in line, and the tube is therefore stronger than when the 
plates are narrow and arranged lengthwise along the tube with 
the seams in line from end to end. For this reason the latter 
aixangement should not be employed unless the tube has a 
large margin of strength, and in such a case it is better in cal- 
culatiog the collapsing pressure to use the 2*19 power of the 
thickness of plate. 

The difficulty of maintaining the cylindrical form increases 
with the diminution of the ratio which the diameter of the tube 
bears to the thickness. This is not taken into account in the 
formula ; but experience proves that it need not be regarded 
when the diameter does not exceed 150 times the thickness. 

In order to show that the rule for the strength deduced from 
his experiments on tubes of limited size holds good for tubes of 
greater length and diameter, Fairbaim records some experi- 
ments on a large scale with two boilers 35 feet and 25 feet long, 
the tabes being in both cases 3' 6'' diameter, and composed of 
f plates. The 35-foot tube collapsed with 97 lbs., and the 
25-foot tube with 127 lbs. per square inch. By formula (1), 
these pressures should have been respectively 64 lbs. and 
89 lbs. By using the square of the thickness as in formula (3), 
these figures would stand 78 lbs. and 109 lbs., which accords 
more closely with the results of the experiments. 

In actual work, the form of a horizontal furnace tube is 
probably somewhat distorted by the heat, which is greater on 
the top than on the bottonL The effect of expansion by heat 
on a loaded arch resting on its abutments will be to increase its 
height ; but it will depend upon the original shape of an ordl- 
Bary cylindrical tube pressed externally all round its circum- 
ference, whether the effect of the heat acting on its crown will 
cause an increase of diameter vertically or horizontally. The 
application of heat to the flattened crown of a slightly oval 
furnace tube would tend to restore the circular form were the 
tube not under pressure. But the effect will be altered when 
it is pressed all round. The heat will now fatt\i«t «.\!i \Jsi<5k 
pressure to increase the distortion by forcing oxjA. ^iJii'^k «v.^^^. 
Should, on the other hand, the flatness be in \.\i© «v^<e>"a», *Caft 
heat will tend still farther to increase the Keigbt oi ^ifc^ft Gtci^\i 
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and 80 again add to the distortion. The question then arises, 
whether the direction of the elliptical form has any inflaence on 
the strength of a horizontal furnace tube. There can be little 
doubt that the tube is considerably weaker when the smaller 
diameter is vertical than when it is lateral, probably owing to 
the fact, that the resistance to longitudinal expansion offered by 
the end plates tends to flatten the crown, at the same time the 
heat renders the plates most pliable and susceptible to the in- 
fluence of the pressure when the crown is flattened. In addition 
to this, the pressure due to the displacement of the water 
being greatest on the under side, its effects will be more felt 
when the tube is flattened vertically, than when the flattening 
occurs laterally. 

In elliptical tubes the resistance to flattening varies inversely 
as the largest radius of the curvature. The weakness of sach 
tubes was clearly shown in Fairbairn's experiments. A tube 
14" X 10^" diameter, 5 feet loog and ^ inch thick, collapsed 
with 6 '5 lbs. pressure, another tube 20f inch x 1 5^ inch 
diameter, 5 feet 1 inch long and ^ inch thick collapsed at 1 2f ^ lbs. 
per square inch. These results show that the general formula; 
applies sufficiently correctly to elliptical tubes by substituting 
for D the diameter of the larger circle of curvature in the tube, 

or D = — . where L and S are respectively the major and minor 

S 

axes of the ellipsa 

The comparative weakness of cylindrical tubes under ex- 
ternal pressure will be seen from what has been stated above, 
and the formulae given are sufficient data to enable us to find 
an expression for the maximum length of a cylindrical tube 
having a collapsing strength equal to the bursting strength of 
any given diameter of boiler. 

Taking the strength of a single riveted joint as 26,340 lbs. 
=: c ; j> = internal or bursting pressure ; K = thickness ; 
D = diameter and inches ; L = length in feet, we have 



P = 



62,680 K 



D 

where P = external or collapsing pressure, we have 



^ _ 806,300 X ^^ 
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OaUing R the ratio of boiler tabe diameter to shell diameter, 
we get, 

p L 



P" 15-3 xK 
when P = j9, we have 



X R 



L = 



15-3 X K 
R 



Taking a Cornish boiler of § plates, haviog a tube one-half the 
diameter of shell : 

L = 15-3 X -375 X 2 = 11-47 feet. 

Thns we see that the boiler in this case should not exceed 
11^ feet in leDgth to be equally strong in shell and tube. As 
the former will not be impaired by lengthening, we have only to 
make the latter in 11^ feet lengths, in order to preserve an 
equality of strength in tube and shell, having their diameters 
in the ratio of 1 : 2, whatever length the boiler may be. 
A table of collapsing pressures is given on page 314. 



THE SPHERE. 

From what has already been stated concerniDg the action of 
steam pressure in a close vessel, it will readily be seen that in 
order to resist the pressure throughout its whole . surface in an 
equal manner, the containing vessel must be similar to itself in 
all its parts. This property is possessed only by the sphere, 
which renders it the best of all forms for resisting intemsd 
pressure. 

To the sphere also belongs the property of containing the 
greatest volume within a given amoiut of surface, and owing to 
this the internal fluid pressure tends to make any containing 
surface assume the spherical form. 

By employing a modification of the reasoning we used in 
demonstrating that the internal pressure tending to rupture a 
cylinder in lines parallel to its axis is to be m.Qasvu:^d. Xs^ \Xi<s^ 
diameter^ and not by the semi- circumference oi t\ie c^\\si^«t^ 
tre abould £nd that the internal pre&s\iie tenda \jc> \xva^\. ^ 
spiem through the largest plane we can draw t\iio\x^ v\., wi^Ns 
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to be measured by the area of its diameter, and not by that of 
the hemisphere. The divellent foroe can therefore be repre- 
sented by the formula, 

P X 



The resistance opposed to this foroe is that due to the tensile 
strength of the material multiplied by the area of its section 
in the circumference of the sphere and can be expressed by 

IT T (T + D) c ; 

when rupture is about to take place these two formulas must be 
equal, therefore 

^Jir = xT(T+ D)c, 
whence we get, as at page 12 

T7' 

the same expression that we obtained for the transverse strength 
of a cylinder. The sphere therefore is twice as strong as a 
cylinder of the same thickness and diameter is longitudinally. 

The relative strengths of the sphere and cylinder may be con- 
sidered in another manner : — taking the diameter of a sphere as 
unity, its circumference is 3*14159, and area 0*7854. A 
cylinder of the same diameter and equal sectional area must be 
'7854 long. The sum of the two sides is, therefore, 1*5708, 
or half the circumference of the sphere, and therefore only 
half as strong. This, of course, leaves out of consideration the 
strength imparted by the ends which, however, cannot be 
counted upon when the cylinder is long in proportion to the 
diameter. 

In a cylindrical boUer of uniform thickness throughout, with 
hemispherical ends, the strength of these, being portions of a 
sphere of the same diameter as the boiler, is evidently equal to 
that of a cylinder of equal diameter to resist transverse rupture, 
and twice as great as the strength in a longitydinal direction. 
Jt is dear, then, that the ends of thia ioTm m^ \Mmftw«s»!r^ 
stron^^ compared with the cylindrical poi^ion oi ^iiaVio^^t *m v> 
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power to resist longitadinal rapture, by which the etrength of 
the boiler is measured. 

By making 'the ends cambered to a radius equal to the 
diameter of the cylinder, their strength will be equsJ to that of 
the shell, as they will i^en be portions of a sphere having a 
diameter double that of the cylindrical barrel By this means 
we employ the least amount of material consistent with ade- 
quate strength. 

In diminishing^ the camber of the ends, the amount of 
material to resist being torn asunder decreases less rapidly 
than the tensUe force exerted upon it. The tensile strength of 
the ends is therefore increased by flattening, although their 
resistance to bulging is reduced. Their efficiency in strengthen- 
ing the cylindrical portion of the barrel will be farther increased 
as the amount of camber is reduced. But as the cylinder 
should be sufficiently strong of itself, the ends are not required 
to aid it, and should be designed simply with a view to resist 
bulging outwards by the pressure. 

The manner in which a cambered end plate resists bulging 
is, perhaps, best understood by regarding it as a portion of the 
sphere to which it belongs. The radial pressure in this case 
tends to maintain the form of the segment as well as if it were 
a whole sphere, and the plate will fail by bulging only on ex- 
ceeding what would be the tensile strength of the material in 
the sphere. The amount of pressure sufficient to accomplish 
this may be safely taken as that which would burst the sphere 
of which the segment forms a part. It follows, therefore, that 
the relative strengths of a dished or cambered end and a 
cylindrical barrel are found by comparing the radius of the 
camber with the diameter of the cylinder. 

The sphere possesses one property for a boiler, and likewise 
also the cylinder, yet in a less degree, not often noticed, but the 
value of which cannot be over estimated, viz., the facility with 
which it expands on the application of heat to one portion of 
the surface, and with which it accommodates itself alike to the 
heat and the pressure without throwing any severe thrust or 
strain to cause leakage or fracture on the surrounding parts 
that may be comparatively cool. 



FLAT SUBFACBS. 

Advantage h usually taken of the self-suppottm^ -^ptcy^T^l 
of the cylinder and sphere in constructing i^axtn ot >acyi\B« 
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having theRe forms, whicli enables them in most oases to be 
made sufficiently strong, without the aid of stays, ties, or 
other support. But the absence of this self-sustaining pro- 
perty in flat surfaces necessitates their being strengthened by 
stays or other means. 

Even where a flat or slightly dished surface possesses suffi- 
cient strength. to resist actuid rupture, it is yet, generally 
speaking, necessary to apply stays, to provide against undue 
deflection or distortion, which is liable to take place to an in- 
convenient degree, or to result in grooving long before the 
strength of the plates or their attachments is seriously taxed. 

The theoretical investigation of the strength of plane sur- 
faces, such as the flat end of a cylinder, is attended with con- 
siderable difficulty, and cannot be satisfactorily pursued withr 
out the aid of the higher mathematics. 

The formula given by Professor Rankine for the strength of 
a flat circular plate of the diameter D, and supported all roand 
the edge with the load uniformly distributed, is equivalent to 
the following expression, where 

P = Bursting pressure per square inch in lbs«, 
D = diameter of cylinder in inches, 

t = thickness of end plate in inches, 

c = breaking weight of the material in lbs., 

P D2 ttD c D «2 



247r 



Whence « = -1/ — xL?. 
^2 2c 

Now, taking T as the thickness of the cylinder that resists 
longitudinal rupture under the same conditions of pressure as 
the flat end plate, we had above, 

T=Zi>, 

2c' 

Therefore t = -^/^ — XT, 
Weliare here assumed the ,riyctor c to 'V>e ^e vasoA qcpax^s^ 
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Tor a tensile and a cross breaking straio, which we can safely do 
in snch a case m we are cousidering. 

The last formula shows the monstrous thickness it would be 
required to give the unstayed flat end of a cylindrical boiler 
in order to make it equally strong with the shelL For a boiler 
only 3 feet diameter and of i" plates, single riveted, the solid 
end plate would require to be about 2" thick to comply with 
this condition. It is obvious, therefore, that for boilers of 
ordinary diameter, the flat ends, if of moderate thickness, require 
to be well strengthened by stays or ribs. 

When longitudinal tie rods are employed as stays, the L or 
T irons securing them to the end plates are usually arranged 
horizontally. Gusset stays are usually arranged in planes 
radiating from the axis of the boiler. The best arrangement 
for T iron stiflening ribs will depend upon the design of the 
boiler. Each series of longitudinal stays bears the pressure 
against a rectangular portion of the flat end, and each gusset 
stay sustains the pressure against a section of the circular area. 

The flat surface between two series of stays may be considered 
as a rectangular beam, fixed at the ends, and uniformly loaded, 
and its strength calculated accordingly, the tendency of the pres- 
sure being to split the plate up the middle between the stays. 

If we disregard the strength imparted by the end attach- 
ments, we may employ the usual formula for the strength of 
such beams, as follows :-^ 

Where w = distributed breaking weight, 

{ = width of plate between side supports, in inches, 
b = length of plate in inches, 
d = thickness of plate, 

c = modulus of rupture = 54,000 for wrought iron, 
P = pressure in lbs. per square inch. 

wl _ 

-TT- = c6d2 



As«7 = Fib 

We have — = c d^, 
2 

The same formula may be used for estimating the strength, 
of flat surfaces stayed by holta, such as the sides oi\oco\no^vi^^^ 
hcaes, ita Tables for the Btrength of stayed suxiace^, c^cra^aX^^ 
fy this formula, are given in th^^^xibBtftGr on ** Cou^trOkfiXaouJ'^ 

V 
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CHAPTER III. 

PROPERTIES AND CHARACTER OF BOILER MATERIAI5. 

CAST IBON. 

Cast ibok is the name given to a material, whose physical ' 
properties may vary through a wide range of brittleness, hard- 
ness, and tenacity. It is sometimes found so brittle as to be 
almost incapable of being worked ; at other times it is foond, 
or rather was once to be found, exhibiting such toughness tf 
to render it capable of being chipped by a chisel or bent by 
pressure equally as well as many inferior specimens of material 
now sold as wrought iron« 

That cast-iron is unsuited for boiler making no further 
evidence is required than the fact of its almost total rejection 
for this purpose after having had a fifur trial Yet, despite 
the unanimous acceptance of its condemnation, it must be 
allowed that it possesses advantages which, considered in the 
abstract, appear to render it the most eligible of the scanty , 
stock of materials &om which the boiler-maker has to make 
his selection. 

Its low first cost, combined with facilities of working, place 
it in the first rank of constructive materials, and probably led 
to its being largely used for boiler making in the early days 
of steam engineering. In its power to resist wasting on;^ 
exposure to the action of flame in a boiler furnace, or to the 
atmosphere when in contact with moisture, it is superior, if oj 
suitable gualit/yy to wrought iron, and also in its power of resisting 
the corrosive action of the feed water and of adds found in the 
Droducts of combustion. 

Inferior strength alone can scarcely be regarded as a bar to 
its employment in vessels for resisting pressure, when we con- 
sider that the strength of a structure like a steam boiler 
depends as much on its size and ioxm, aa on Vke «is^\isii %\x«im^^ 
of the material. The employment oi ca«i Vroii \« \«Kt \bc«& 
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3 in our water mains, hydraulic presses, and oannon, 
hat low tensile strength alone would not prevent its 
L for boiler making, as any disadvantage on that score 
ye outweighed by its constructive and other advan- 

. instance that the breaking strength alone of a material 
it of its eligibility for sustaining high steam pressures, 
)e mentioned that the employment of copper for flat 

in locomotive fire boxes meets with great favour in 
mtry, in spite of its being in that form the least 
of all boiler making materials for resisting pressmre. 
ing in this instance is sacrificed to malleability, 
', and high thermal conducting power. By proportioning 
tmeters in the ratio of their tensile strength, cast and 

iron cylinders or spheres can be made of equal strength, 
i same thickness Of metaL The difference between the 
8 of cast and wrought iron vessels in the form best 

to the constructive properties of each, is by no means 

as it may at first sight appear. With single riveting \ 
lot take the strength of ordinary plates at more than | 

per square inch at the joints, ihe tensile strength I 

iron being about 6 tons, and having no seams or 
ecessary loss of strength, it follows that a sphere 

iron is equally as strong as a cylinder of wrought 
igle riveted of the same diameter and thickness, 
ten both materials are used in the same form to 
msile strain, the greater thickness that must be given 

iron, in consequence of its inferior tenacity, raises 

to that of wrought iron, the price o 1 the materials 
1 proportion to their cohesive strength in the finished 
e. 
jeking, then, for some other cause than the inferior 

to account for the rejection of cast iron, in spite of its 
IS advantages, we shall find that the strong feeling 
lot withstanding strenuous individual eflforts to remove 
i against its employment for boiler purposes, must be 

to its brittle and treacherous nature. 
8S the uncertainty of strength caused by defective 
2, and the unequal tension on different parts of the 
ce, usually ascribed to obscure causes in. the ^toQ.^'a»'& ofl 
md cooling, a very alight hidden or surface delec\.,vcv^\i 
? sound casting, is sometimes sufficient to leaA to ^ «vjA.^«^ 
u're fractur^ Moreo ver, cast iron, in bx©a\axi^, ^e\^o\B 
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gives warning by indication of weakness, such as usually prt 
the failure of wrought-iron structures. The risk attendi 
use in large masses, in consequence of its treacherous nati 
greatly aggravated when the material is subject to the 8 
caused by sudden and unequal expansion and contractioi 
sequent upon the sudden and extreme variations of tempe 
it is exposed to when employed for vessels to raise stea: 
To this cause must the rejection of cast iron be ascribed, toj 
with the dread of the disastrous effects that would pre 
result from the explosion of a cast-iron boiler containing a 
body of highly heated water, which would probably be s 
to those resulting from the bursting of an explosive 
When wrought-iron boilers explode, large masses of 
usually hold together, and tend to mitigate the effects < 
explosion. 

It is only when these two causes act conjointly, viz 
untrustworthiness of the material when exposed to 
trains, and (2), dread of explosion when the material con 
large body of highly-heated water, that cast iron is d 
unsuitable for boiler making, as may be seen from the fol 
considerations : — 

1. In order to mitigate the disastrous effect that would 
from the sudden liberation of a considerable volume of wat< 
very high temperature, on the bursting of a large vessel, t 
types of cast-iron " sectional" boilers have been intro 
Being composed of many small pieces, either spherical or 
drical, it is held by the advocates of these boilers that 
event of one portion suddenly giving way the explosion 
be confined to a single segment, and its effects would be in 
cant, as the hot steam and water would be gradually disci 
It is for this reason that cast-iron boilers of this class, al' 
subject to the same variations of temperature as ordinary 
generators, are employed without anxiety. It may be rei 
that the unequal straining, and consequent liability to fr 
is much less in small than in large vessels. 

2. There are some cast-iron boilers, with wrought-iron i 
flues, whose rupture would suddenly liberate a sufficientl 
quantity of heated water to cause a very disastrous exp 
yet these are worked without fear of bursting, as they ; 
exposed to sudden variations of temperature, the furnace 
in the internal tubes. In such boilers, however, there w 
marked difference of temperature between \\ift to^ ol \3 

and Hie bottom, especially "wben BtattVn^ t\i^ "Vioi^s 
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after filling with cold water, which must strain them con- 
uderably. 

3. When not entering into the construction of the boiler 
itself, cast iron is almost invariably used, except with marine 
' boilers, for pipes to carry the steam to the engine cylinders at 
the fall boiler pressure. These cylinders being of cast iron, and 
very often of larger diameter than boilers, it would rightly be 
deemed foolhardy to make of the same material, and to work at 
the same pressure. This apparent inconsistency admits of 
ready explanation. In the engine cylinder the heat is, com- 
paratively speaking, uniformly distributed. There are wanting 
the fire and currents of cold air through the furnace-doors and 
bars to render the material untrustworthy ; and when the 
cylinder does happen to burst — ^by no means a rare occurrence — 
the quantity of water present, although often the actual cause 
of fracture, is so smaU, and at so low a temperature, as to 
render the effects of the bursting comparatively harlnless under 
ordinary circumstances. 

A large cylindrical vessel placed horizontally, with a fierce 
fire acting on the under side, and but moderately hea£ed above, 
would be severely strained by the unequal expansion. A brittle 
and unyielding substance like cast iron would certainly not 
stand such a test without injury. 

In order to bear a high temperature without fear of fracture 
a large cylinder of cast iron should be heated equally all round 
its drcumference, yet not necessarily along its entire length if 
the application and withdrawal of heat be gradual, and if the 
vessel be free to expand and contract uniformly. Such a 
cylinder is therefore less adapted for a horizontal than for a 
vertical position. The vertical arrangement for large cast-iron 
cylindrical boilers with external firing was formerly used. Its 
abandonment was probably due to the small amount of heating 
surface this arrangement afibrded. In order to increase the 
Extent of this surface the obvious method is to diminish the 
diameter and increase the number of cylinders to receive the 
heat, producing at the same time a stronger and more efficient 
boiler. This has recently been done, and boilers composed of 
vertical cast-iron pipes 4 inches or 6 inches in diameter are at 
present employed and worked at pressures as high as 80 lbs. 
or 90 lbs. 

The diflBcuJtf, or raiber, inexpediency of repaVim^ M^aa ^^«a^ 
hjr patching JB aDotberreaBon for making caat-kon \iOTXet^ «*»^ 
aimilar structures in small segments, the repHcVn^ ol «b ^Lei^cMvs 
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portion being by this means attended with the least sacrifice of 
material. 

It is sometimes asserted that cast iron does not become 
covered with incrustation so readily as wrought iron or copper. 
However true this may be in the case of cast-iron spheres, 
where the coating, if sufficiently thick and brittle, may be 
cracked off by the inequality of expansion between itself and 
the metal, it is certainly not the case with respect to cast-iion 
pipes, which become thickly coated over with a scale that defies 
removal when bad feed- water is used. 

Seeing that the prevailing types of wrought-iron boilers 
having large cylindrical shells are such as we could not venture' 
to make of cast iron, and that, at the same time, cast iron can 
be safely used in certain other arrangements, the question may 
arise whether the prevailing type of boiler is the cause or the 
effect of the rejection of cast iron in favour of wrought iron for 
boiler making. If, on the one hand, facilities of cleaning, and 
examination, and repairs, aR well as an economical fuel con- 
Rumptioii, render the present boiler of large section superior to 
any other form, the abandonment of cast iron would certainly 
follow. But if, on the other hand, the untrustworthy nature 
or other adverse property of cast iron in any form whatever 
resulted in its rejection in favour of wrought iron, the effect 
would be, without further consideration of economy, the 
adoption of the prevailing types as being the most suitable for 
constructing of wrought-iron plates. 

There can be little doubt the latter conclusion is the correct 
one. The difficulty of making good steam-tight joints when 
wrought iron first came largely into use for boiler making, would 
of itself preclude the use of cast iron in small segments, tJie only 
shape in which it can be safely employed. 

At the present day the increased facilities for making strong 
seamless wrought-iron tubes of various sizes will exercise con- 
siderable influence on the design of the boiler of the future, and 
probably, to some extent, indirectly lead the way to the larger 
introduction of oast-iron segmental boilers. 

Of late years the employment of cast iron in connection with 
boilers has been chiefly conflned to the larger descriptions of 
mountings and seatings, and to steam domes and chambers. 
For the former it will doubtless long continue to be used, as it 
here possesses advantages superior to all the other materials, 
except brass, whose price, however, wiiil ^t^nwiVi \\. ttotCL^-^OL 
/^e/o^ largely used for land boilers. 
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In the employment of cast iron for boiler mountings care 
should be taken that it is not placed where sudden variations of 
tempeiatnre are likely to occur. When used for steam domes 
and pipes of large diameter a large margin of safety should be 
provided, and castings of these descriptions should always be 
carefully tested by hydraulic pressure, to guard against insidious 
defects and errors that but too frequently occur in the foundry, 
and which it is impossible to detect by any ordinary optic or 
acoustic tests. ^' ^ 

No better example of the treacherous nature of sound cast , 
iron can be given than the fSatal explosions of steam stop-valves : 
that have occurred in firosty weather through opening the valve 
and allowing the steam to enter suddenly from the upper ; 
portion into the lower containing water at a low tempe- i 
ratnre, which has caused the cast-iron valve casing to crack j 
like glass, from the unequal expansion, and to be violently 
blown about, with as low a pressure as 10 lbs. above the atmo- 
sphere. 

The above is one reason, amongst others, why a range of 
steam pipes should always be arranged or provided with means 
to drain the water from condensation away from the end where 
the steam enters. 

When a certain amount of strength is required in a casting, 
it is usual to specify the mixtures by giving the names and 
proportions of the pig-iron .to be used. The most satisfactory 
course, however, is to specify the tests the metal must be 
capable of standing, and allow the founder to choose his 
own mixtures, which will vary considerably in different dis- 
tricts. 

With regard to judging the quality of the iron by an inspec- 
tion of the fracture, this is by no means a simple matter, as the 
appearance of good iron is found to vary widely in different 
localities. Such defects, however, as honeycombing and chills, 
arising from want of care or skill in moulding and running the 
metal, and the presence of particles of graphite, showing a 
defect in the mixing, are unmistakable. 

The strongest irons are of a light grey colour, without much 
lustre, close grained, and sometimes mottled. Others exhibit a 
somewhat fibrous or jagged surface, of light colour, and when 
dosely examined are found to be close grained. Ou \^tvQ oxk^^t 
hand^ a hhckish or bluish grey, with, large \oo^«k ^«mv%, 
snd having generally a shiny appearajice, md\c».\.e>^ vcfetvyt 
tenacity. 
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COPPER. 

The superiority of copper for boiler making, wlien compared 
with wrought iron, oonaiBts in the uniformity and homogeneity 
of its texture, freedom from lamination and blisters, and in ito 
general trustworthy character when well selected ; in its great re- 
sistance to ozydising influences and the corrosive action of many 
descriptions of feed water ; in the manner in which it reosts 
the tenacious adhesion of most kinds of incrustatioD ; in iti 
great ductility and malleability, which render it capable of being 
worked with great ease and of bearing sudden as well as oft- 
repeated racking strains : iu its being a better conductor of heak| 
which not only tends to give it a higher evaporative power 
under favourable circumstances, but also enables it to last 
longer when exposed to a fierce wasting heat in a boileir 
furnace. 

Before the rolling of sound wrought-iron plates in laige 
quantities was attended with the certainty of recent jeam^ 
copper was rightly considered the most eligible and trustworthy 
material for steam boiler shells, and was so used to some 
extent) but owing to its high price and inferior tensile strength 
its employment for this purpose has long been abandoned in 
favour of wrought iron and steel. But for its high price, its 
non-liability to suffer from the action of some descriptionB 
of corrosive feed water and consequent durability would, doubt- 
less, in many cases outweigh any objections on the score of 
inferior tenacity. In judging of the comparative cost, it most 
not be forgotten that old copper will average a price of £66 per 
ton, whilst old iron will not fetch more than £5 on an average, 
being respectively two-thirds and one-third their price when 
new. 

The softness of copper when used in a comparatively pure 
state has been found to render it unfit to resist the abrasion it 
is subject to when used for the tubes of coal and coke-burning 
boilers, for which purpose its facility of manufacture at ooe 
time especially recommended it. 

The use of copper in boiler construction is now almosthre- 
stricted to the fire-boxes and stays of locomotive boilers. Not- 
withstanding its weakness to resist pressure when employed in 
a flat surface, especially in a furnace, its high heat-conducting 
power and ductility are considered, m \>\na coxmtxY &^ least, 
to render it more suitable than wioxx^t vcoii at ^\a^^ Vsi 
bearing the intense heat and unequal atxavsMi oi «b \a«i\afi?«c^ 
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farnace. In America, and, to a great extent, on the con- 
tinent, iron plates of half the thickness are successfully used 
iu stead. 

There can be little doubt that the quality of copper has 
deteriorated of late years, much of it being now of a compara- 
tively hard and brittle quality. 

One adverse property possessed by copper, in which it pre- 
sents a marked contrast to iron and steel, is the great diminution 
of its tensile and transverse strengths at moderately high tem- 
peratures. From numerous experiments undertaken by the 
Franklin Institute in America, it was found that, taking a 
temperature of 32° Fahrenheit as a standard, every increment of 
heat caused a diminution of tenacity in copper plates. Thus a 
cold strip capable^of carrying 10,000 lbs. was only capable of 
carrying 7,500 lbs. when heated to a temperature of 500°, and 
at 1200°, a visible red heat in daylight, no more than about a 
tenth part of the strength remained. 

Table of Diminution of S^ength of Copper Boiler Plates when 
heated. Their standa/rd strength at 32° being 32,800 Ihs. 
per square inch. 





Temperature 


Ditninution 




Temperature 


Diminution 




above 32'. 


of Strength. 




above 32'. 


of Strength. 


1 


90' 


0-0175 


9 


660' 


0-3425 


2 . 


180 


0-0540 


10 


769 


0-4398 


3 


270 


0-0926 


11 


812 


0-4944 


4 


360 


0-1513 


12 


880 


0-5581 


5 


456 


0-2046 


13 


989 


0-6691 


6 


460 


0-2133 


14 


1000 


0-6741 


7 


513 


0-2446 


15 


1200 


0-8861 


8 


532 


0-2558 


16 


1300 


1-000 



From the above it is seen that in being heated from the 
freezing point to the boiling point of water, copper loses 5 per 
cent, of its strength ; at 650° it loses about one quarter of its 
strength, and at 1332° loses all its tenacity, becoming a viscid, 
granular, soft, incoherent mass, although it doe& iiO\» ^<(:>\>\!Cd2\^ 
melt until it reaches nearly 2000°. 
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WROUGHT IRON. 

Wrought iron is the material which, for the last forty years, 
has been by far the most extensively used for boiler making. 
The reason for this is not far to seek, and has been partially 
indicated in discussing the constructive merits of cast iron. 
The great tensile strength of good wrought iron, together with 
its ductility, power of bearing sudden and trying strains, and 
general trustworthy nature, its moderate facilities of working, 
the ease with which it can be welded, riveted, patched or 
mended, its moderate first c^t compared with that of copper, 
are all important advantages which contribute to its value and 
the deservedly high esteem in which it is held for the con- 
struction of vessels exposed to the ever varying and trying 
strains that steam boilers have necessarily to bear. 

As it is mainly in the form of plates that this material enters 
largely into the construction of the prevailing types of boilers, 
we will at present confine ourselves to it in this form, leaving 
the not less important consideration of its strength and behaviour 
as bar iron when used for stays and aogle irons to be subse- 
(^uently dealt with. 

Wrought-iron plates, it is well known, are manufactured of 
different qualities, ranging from the badly refined, coarse, brittle 
and uncertain material sometimes sold as ship plate; through 
various medium qualities to the valuable " Best Yorkshire " 
plates, so justly prized above all others for boiler making. 

In consequence of competition and lowering of prices we 
often find boilers made of inferior material that scarcely deserves 
the name of wrought iroD, the result being annoyance, pecu- 
niary loss in the long run, and frequently fatal disaster. It 
would, indeed, be well if it were unnecessary to say that plates 
^ of ship quality should never enter into the construction of 
boilers, on account of the risk to life and property that always 
attends their use. 

For a loDg time the " Best Best " and " Treble Best " Staf- 
fordshire plates have deservedly been in great request for boiler 
making. Formerly, when the production of these plates was 
confined to the locality whence they derive their name, and to the 
surrounding district, they could be generally trusted as being of 
good ductile iron, and well adapted for all the processes in 
boiler making. Aithough Staffordshire plates of excellent and 
j-eliable quality are stUX abundantly maiwiiacWt^Oi, Wios^ ol ^^- 
oaJled ^^Staffordshire quality" cannot at t\ie Y>Tfe^Tit tVoi^ \i^ 
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SO generally relied npon, and care should be exercised in their 
selection. They are made in different parts of the country, 
their properties depending in great measure upon the nature 
of the ores^and fuel found in the districts where they are pro- 
duced. 

Experience has shown that the plates from mills where only 
superior qualities are made, are more trustworthy than those 
turned out by the mills where all classes of plates are made, 
from the so-called " Low Moor quality " down to the veriest 
ship plates. Instances of apparent caprice are not uncommon 
where the inferior brands prove to be equal to, and even 
better than, what are sold as the superior brands from the same 
works. 

When great pressures and a small factor of safety are em- 
ployedy or when the plates are exposed to very trying condi- 
tions, we cannot be too careful in the selection, and it is really 
a matter for congratulation that trustworthy plates are still to 
be obtained, and that makers are to be found who have been 
able to hold aloof from the reduction of prices, and at the same 
time fednotion of quality, so general of late years. The most 
prominent among these are the so-called *^ Best Yorkshire " 
houses,* who only turn out one class of iron, and that the very 
best (if we except some of the Swedish and Bussian brands). 
Their plates are as trustworthy in their character as can well 
be, and so highly are they esteemed that their employment is 
generally understood to absolve the boiler-maker from blame, in 
the event of failure from defect of material. 

These plates are not more commonly used solely on account 
of their high price ; and there is good reason to believe 
tiiey will be able to hold their own in price until steel plates 
(tf an equally reliable and certain quality can be largely pro- 
duced. 

The use of the same brand by different makers, but for 
different qualities of plate, and the diversity in the names of the 
bnuids employed by numerous manufacturers throughout the 
ooontry, is very misleading, and has been productive of much 
misunderstanding and annoyance. The ^^ Crown " plates of 
one house may be of fair boiler-quality, whilst the same brand 

* The best Yorkshire houses are : — The Low Moor Iron Works, near 
Bradford; Taylor, Brothers & Co., Leeds; Bowling Itou Cio., \i^«»x ^ra^- 
fosd ; FsrnJejr Iron Co., near Leeds; S. T. Cooper & (oo. , li^^^^ \ ^^^ 

fbe Monk Bridge Iron Co., Leeds. The other liima 'wVo \s\aXa Q^l 

"ifert Yorkabire " iron do not roil plates 
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of another house are only of ship quality, and not intended by 
the manufacturers for boiler- making at all, yet are unwittingly 
purchased by boiler-makers who have been in the habit of using 
" Crown " plates. The " Best Scrap " plates of one maker will 
be found to be of second quality, and only equal to the " Best 
Best " plates of another house, whose " Best Scrap " are equal to 
the **Best Best Best** of a third house. Some makers' 
" Best Best " plates are equal to the " Treble Best " of another 
house in the same district. As a rule, the price that any ^ 
given brand commands in the market is the only criterion of s 
its quality ; and even this guide is not infallible, and is apt to "^ 
mislead in a fluctuating market. It would be a great boon to J 
boiler-makers and others who have to do with plates if some * 
uniform system of branding them according to their quality ~ 
could be agreed upon by those makers who roll three or four 
different qualities ; and if each plate were stamped on both 
sides with its brand, date, and the maker's name. A few makers, 
in imitation of the '* Best Yorkshire " houses, in branding their 
highest quality plates, do not denote the quality, but simply use 
a name or device, and rely upon the reputation of their plates 
for a sale. 

/ The flrst quality to be sought for in a boiler plate is strength. 

/ This does not necessarily imply the mere power to resist being 

/ torn asunder by a dead weight, as in a testing machine, but the 

I quality to withstand, without injury, the many and varying 

I shocks and strains it is exposed to in the boiler yard and in 

■. actual work. 

Many inferior plates exhibit as great a cohesive strength as 
those of better quality, their inferiority consisting in their 
brittleness or shortness, want of " body " or soundness, im- 
perfect manufacture, and uncertain character or quality. Tough- 
ness and ductility combined with great tenacity, and also 
closeness and uniformity of texture and constancy of quality, 
are the properties and character to be sought for, and which 
are only to be found in the best brands. 

The strength and quality of a plate are taxed in many ways. 
In the hands of the boiler maker and smith it may have to 
undergo the various processes of repeated . heating and cooling, 
hammering hot and cold, bending, twisting, flanging, welding, 
and punching. Inferior qualities of plate cannot always be 
relied upon to bear the ordeal of repeated heating and cooling, 
as they often warp and twist, or "w&ate avj«k^ m ^ cwYvoxy^ 
manner; show defects of man\ifactuTe, and TpxoN«a xmtwotNmW^^ 
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Some plates of otherwise fair quality will not bear hammerinfl^ 
when red hot, a defect usually ascribed to the chemical pro- 
perties of the iron. In the process of cold bending in the rolls, 
especially to a small radius, minute fractures sometimes occur 
on the outer surface of the plates of stubbora but fair quality. 
These are most frequently seen when the plates are bent across 
the grain, and doubts sometimes arise as to the depth the 
fractures penetrate into the body of the iron. Cracks in the 
scale adhering to the plates are sometimes erroneously taken for 
the fractures here referred to. 

The manner in which a plate will bear flanging outwardly, 
whereby the fibres are either stretched or separated, as the plate 
is flanged across or along the grain, is generally considered the 
best test of its soundness and quality. It is certain that none 
of the inferior brands will stand this test with any degree of 
certainty. Those of somewhat better quality that bear flanging 
inwardly may, with care and skill, be made to stand outward 
flanging ; but they cannot be depended upon. Plates of 
moderate (quality may also be successfully welded if skilfully 
treated ; yet, to ensure success, only very good or first-rate 
brands should be chosen where flanging, dishing, or welding 
IB required. The effect of punching on platen of different 
qualities will be discussed in the chapter on riveted work. 

The defect most commonly revealed in working boiler plates 
is lamination, from which plates even of the very best brands 
are^'nof always free. This defect arises from the imperfect 
welding of the several layers which make up the thickness of 
the plate, and is usually caused by interposed nand or cinder 
which has not been expelled in the hammering and rolling dur- 
ing the process of manufacture. It is more frequent in thick 
than in thin plates, and is sometimes very difficult to detect in 
the new cold plate, although often discernible in the hot slab. 
It often happens tliat plates, which are passed as quite sound 
on careful external examination, are found to be severely lami- 
nated when subjected to heating and hamming, and prove 
totally unfit for working. 

Blisters are of a similar nature, and arise from the same cause 
as lamination. Sometimes they appear as mere surface defects, 
and are of no consequence ; but their appearance may be an 
indication of the want of care or skill in the making of the 
jA&te^ and is sure to excite suspicion. At other tivne^ ^^ift'ViSi'sJwit 
Tons from the aarfuce far into the body o£ t\v.e p\ai\.o, ^tl^ *Vw^ 
«n» wajr be measured by feet. It frequently IJA^^ei^ VJft» 
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these defects pass undetected through the closest scrutiny 
and test by hammering, but disclose themselves soon after the 
boiler is set to work, especially if the plate be exposed to sudden 
variations of temperature. When a blister does not run out to 
the surface or edge, it will possibly never be detected, unless it 
is subject to alternate heating and cooling, as in a furnace-plate, 
where the great heat on one side, compared with that on the 
other, will sooner or later take effect ; and even here it may 
be years before it bursts open. In the plates over the fire-grate 
of an externally-fired boiler, such a blister may prove a very 
serious defect, calling for the immediate replacement of the 
plate, cutting out and patching in such a case being but a 
penny-wise proceeding. 

After quitting the boiler-maker's hands, the test of every-day 
work will render manifest a wide difference in the behaviour of 
plates of various qualities. Inferior brands of brittle and badly 
refined iron will rapidly show immistakable signs of weakness, 
if placed under the trying ordeal of bearing the alternate im- 
. pingement of a fierce flame and currents of cold air. The 
f rapid variations of temperature caused by the sudden and 
/ frequent openings of the furnace door and leakage of cold air 
/ at the fire bars and bridge will tell, sooner or later, on any kind 
f of iron, but much more quickly on brittle than tough qualities. 
j On the delivery of a batch of boiler-plates from the maker's, 
the name and brand of quality on each plate should be ascer- 
tained, and care should be subsequently taken to keep the brand 
on the outside of the shell, or on the fire side of the furnace- 
tube, in a position where it can be afterwards readily discovered. 
Each plate should be gauged, or, still better, weighed, in order 
to ascertain the exact thickness, the comparison of which with 
the extent of departure from specification allowed to the maker 
will determine whether the plates are to be accepted or rejected. 
Each plate should then be examined on its sides and edges for 
surface defects, such as flaws, blisters, lamination, or marks and 
indentations caused by want of care in the rolling, the discovery 
of which may justify the rejection of the plate. In order ta 
;' test its internal soundness, it should be marked off with a 
chalked line into squares of four or six inches, and conveniently 
i suspended or supported on edge, to be tapped all over with a 
' light hammer. Where solid the blows cause a sharp ringing 
/ sound ; hut a dull heavy sound mdicatQ« thie piQ^euce of lami- 
nation or other defects. Both &ide& oi t\i©p\«k\»^wjl4.\j«k\Jtta& 
tested. Should any doubt arise as to t\i© aoxm^^aa Vj ^baa 
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aconstic test, the plate should be prepared for further testiug by 
supporting it horizontally on two edges, or still better, at its 
four comers, and strewing the upper surface with fine sandA 
The donbtful portions being then lightly tapped on the under \ 
Bide, the sand will be thrown off by the vibration, if the plate i 
be sound ; but if laminated the sand will remain stationary. ; 
Yet all ordinary methods of testing may fail to detect hidden 
iutemal defects, which may reveal themselves as soon as the 
plate is operated upon at the forge, or possibly not until the 
plate has been some time in use in the boiler. What is wanted 
is some magnetic or similar test, such as that proposed by 
Captain Saxeby, which, however, must be reliable and capable 
of easy application. 

In cutting the plate from the slab some specifications require 
that a distance of from 2 '' to 4" shall be left from the nearest 
defect or cracks at the edge. The plates are also sometimes 
ordered sufficiently large to admit of a test-strip being cut off, 
in order to ascertain the quality and tenacity by breaking. 

All plates of the very best quality having a longitudinal 
tenacity of 24 tons per square inch of section, and an ultimate 
elongation of about 12 per cent., and not exceeding one inch 
hi thickness, should bend double along or across the fibre when 
led hot. 

" Best Best " plates one inch thick and under, having a 
longitudinal tenacity of 21 tons, and an ultimate elongation of 
about 7 per cent., should admit of being beut hot, without 
fracture, lengthways to 130°, and crossways to 100^ 

For the cold forge test plates of the very best quality, -^^ 
inch thick and under, should bend double without fracture. 

Gk>od boiler plates should bend cold, without fracture, to the 
following angles : — 



Tluckness 


Along. 


Across. 

7' 


Thickness. 

7 f 
To 


Along. 


Across. 


1" 


15' 


55*' 


25° 
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20 


]0 
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35 
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30 


15 


' I 


80 


45 


i 


40 


20 


i 


90 


55 



I 

I The radius of the comer over which tTie platen «*s^ \ieia\. 
/ i6oaId^[ot__exj^ed.Jialf &n inch. The angVe to ^\iv3tL ^'i 
r t^tea can be bent wiihout fracture will depend gteat\^ \rfi«ix>iJ! 
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skill of the smith who heats aud operates upon them. A plate 
that will bear the test with a number of sharp light blows, will 
often fail when a heavy hammer is used. By striking the 
plate along its surface it can be successfully bent to a much 
greater angle than when the blows are dealt perpendicularly to 
the surface. The plate will also stand the bending much better 
if it is performed uniformly along its whole width. 

Rivets and bars for boiler work are seldom tested for their 
tensile strength, but their quality is usually ascertained by forge 

. tests. A good rivet, cold, will bend double without fracture. 

I The head of a good rivet should flatten out, by hammering 
when hot, to about ^ inch thick, without fracture or fraying 
at the edge. A hot rivet-shank or bar of iron, when flattened 
down to a thickness equal to about one-half its diameter, should 
bear a punch driven through it without fracture at the hole. 

There has been no lack of experiments to ascertain the tensile 
strength of wrought-iron plates of diflerent qualities, and of 
ordinary thickness. Many of these are, however^ not accom- 
panied with sufficient information to make them of much value. 
The resulta of Mr. Kirkaldy's experiments on plates and bars 
are in many respects the most reliable and valuable yet recorded. 
These verify the commonly received opinion that good boiler 
plates may be considered as having an average tensile strength 
per square inch of section c^ 21 tons along the flbre, the strength 
being generally about ten per cent, less across the fibre. The 
strength of Best Yorkshire plates may be taken at 24 tons 
along the fibre, and 22 tous across. 

The strength of round and square bars is superior to that of 
plates of equal quality, the superiority being most marked in 
iron of inferior brands. This circumstance is usually ascribed 

\to the increased amount of rolling the bars undergo. Taking 
Mr. Kirkaldy's experiments as our guide, we find that ordinary 
bars, so far as their tensile strength is concerned, are more on 
an equality with '* Best Yorkshire "-bars than was found to be 
the case with plates. The average strength of bars may be 

I taken at 25 tons per square inch of section. It must not, 

' however, be inferred from this that there is no superiority in 
** Best Yorkshire " and very best Staffordshire bars over those 
of ordinary make. The former are more reliable and uniform 
in quality, and exhibit a superior ductility when compared, with 

those of inferior quality, and stand sm\t\i\\i^ very much better.. 
Sj- way o/ explanation it may be Tiete o\ia«tve^ \.\ka^» -wV^n ^ 
plate 13 broken so that the line of fxaclxuce Tiia"a ^ea»2!\^^>3s^>2aft 
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fibre, it may reasouably be said to be broken along or in the 

direction of the fibre ; and when the fracture is perpendicular 

to this, across the fibre. This is, however, not the sense in 

which the terms along and across the fibre are usually employed. 

When we speiak of a plate being broken in the direction of the 

fibre, we refer to the direction in which the strain is applied to 

produce fracture ; and similarly when speaking of a breakage 

across the fibre. There is then evidently a dii^cordance between 

our modes of expressing the directions of bursting fractures and 

tearing fractures relatively to the strains which produce 

them. 

On breaking a plate or bar of wrought-iron, the fractiure 
presents an appearance by which the quality of the iron may in 
some measure be determined. The fracture is designated on 
the one hand as fibrous, tough, fine, silky, close-grained, red- 
short, or on the other hand as crystalline, coarse, open-grained, 
brittle, cold-short. Notwithstanding all that has been written 
concerning the quality and treatment of iron, and their influence 
on the appearance of the fracture, first pointed out, I believe, 
by Dr. Percy, and so ably shown by Mr. Earkaldy, there still 
exists a great deal of misapprehension on the subject. A wide- 
spread notion prevails that all good wrought-iron should present 
a fibrous appearance ; by this being meant, that when broken, 
no matter how, the fibres should appear drawn out. Now, the 
manner in which the breakage is efledted is all important in 
influencing the appearance of the fracture. The best plates or 
bars rolled, as well as the worst admissible for boiler making, if 
broken short off or snapped in two, will display a short crys- 
talline fracture, quite even and straight ; but whether it be fine 
or coarse will depend entirely upon the quality of the iron. On 
the other hand, if the iron be gradually torn asunder, it will 
ahow fibre, the fracture being more or less rugged or irregular, 
and possibly at the same time mixed up with the fibres a small 
amount of crystalline fiacture, the fineness or coarseness of the 
whole being an indication of the quality. 
I When broken suddenly the best qualities of plate and bar 
exhibit a fine close-grained uniformly crystalline fracture, even 
silky, of a light, silvery colour, the appearance in the harder 
descriptions approaching to that of steeL The appearance 
:| of indiff'erently refined and inferior qualities is coarser, Hawaii^ 
I of a darker colour, more or less uneven or opeiv, exXv\XA\i«v|, 
I large facets, and approaching some descriptions ot ca.'Sv\. Sx^ivw, 
f When broken gradually good iron preaenta a ^^\i dia.^Xk o\ 
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close fibre, of light greyish hue, whilst inferior qualities give a 
shorter, more open, and darker fibre. 

A bar or strip of plate can be broken suddenly by a sharp 
blow, when nicked with a chisel all round or on both sides, 
the nicks being made exactly opposite each other. By making 
a slight nick only on one side, and gradually bending the iron 
away from it, the strip will have time for the exercise of its 
ductility, and display abundant fibre. 

It may be here remarked that metal is to be found enjoying 
the name of wrought iron which will test the ingenuity of any 
one to break it gradually so as to display fibre ; it should be 
needless to add that such rubbish must never be used for boiler 
making. 

'Mn the case of the fibrous fracture, the threads are drawn 
out and are viewed externally : in the case of the crystalline 
fracture, the threads in clusters are snapped across, and are 
viewed internally or sectionally " (Kirkaldy). 

When old broken boiler-plates exhibit fibre at one side, and 
a crystalline appearance at the other, it is sometimes said that 
one side has deteriorated more than the other ; but the fact 
probably is, that in the act of breaking one side has parted 
gradually, probably by the cross action of the strain, and as the 
section became diminished the other side has parted suddenly. 

When good ductile iron is gradually torn asunder it draws out 
or stretches to a considerable extent, causing a diminution of 
sectional area at the fractured part, which should always be 
compared with the original sectional area of the specimen in 
judging of the quality. An inferior bar or plate may bear 
as great a tensile strain as a similar specimen of superior 
quality, say 23 tons per square ioch of original area, but 
on comparing their fractured areas it will generally appear 
that the latter has been drawn out considerably, and actually 
sustained 30 tons or more per square inch of fractured 
area, whilst the inferior specimen, haviug stretched but little, 
has not sensibly diminished at the fracture. It is owing to this 
fact that good ductile iron is so much more trustworthy than 
badly refined or cold-short iron where sudden strains occur. 
The one will stretch where the other will snap. 

It is often affirmed that wrought iron changes from fibrous 
to crystalline after enduring long-continued cold-hammering, 
vibration, tension, jarring, and other sttama, ot lifter long ex- 
poaure to the iDRaence of heat, or aXtoxuabte ex.'^dai^oTi wA 
contraction when used for the plates o£ a \)oV\ar-i\ixiv.w», lSj^«tL 
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the very best plates, after from ten to twenty years' ase in a boiler^ 

have frequently been found to break without stretching, at the 

same time displaying a crystalline fracture. It has been said 

that this indicates a change having taken place in the nature 

of the material, and that from being fibrous aud tough it has, 

through some unexplained cause, become crystallised and 

brittle, or that it has lost its nature in consequence of the 

treatment it has undergone, whatever that may have been. Now 

there is no doubt that the strains and other causes mentioned 

have a tendency to make good iron become brittle and liable to 

snap suddenly under the same treatment that would originally 

have torn it gradually, and in so far a change is produced in its 

nature. This snapping, and not the fatigue of the metal, is, 

however, the direct cause of the crystalline fracture, which is 

but a necessary consequence of the suddenness of the breaking, 

and not a property of the iron itself. To say it snaps readily 

because it has become crystalline is to confound the cause with 

the effect. It is erroneous to say the fibrous nature has passed 

ont of the iron, for its ductility can, to some extent at least, be 

restored in most cases by simply heating to a bright red, and 

slowly cooling the iron, or failing that, by hammering or rolling 

it while hot. 

By heating to redness and suddenly cooling a piece of wrought 
iron, it will become liable to snap, producing the same effect as 
cold-hammering. The explanation of this is not obvious. It 
may in both cases be owing to the loosening of the crystals 
into which the composition of the material ultimately resolves 
itsell To this cause may also be attributed the same tendency 
to snap after long-continued jarring, or, alternate expan^on 
and contraction. 

The restoration of the toughness by the application of heat 
in such cases, and still more by the application of pressure, 
may be due to the consequent restoration of the crystals to 
their original positions. 

It may be maintained that all boiler-plate worthy of the 
name is fibrous ; whether its hardness makes it liable to snap, 
and therefore appear crystalline, depends on its original character 
and the treatment it has undergone. No fine iron can, how- 
ever, by any treatment, except burning, be made to appear 
I coarse, and the fibres of the poorer descriptions cannot, with- 
J out reworking, be made to appear fine and cloae gvam^^. 
^ his from a, want of knowledge of the above ia.c\,ft ^;)iv^\. ^^"^^ 
opufjons are so often expressed respectiiig ike cv^i^AiXA.^^ ^"^ 
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plates. The following instance is perhaps not too well known to 
bear repetition. A scientitic witness at an inquiry into the 
cause of a boiler explosion, after expressing himself competent 
to distinguish between bad and good iron, was handed three 
broken specimens to examine and pass an opinion upon.. 
These he severally pronounced as good, bad, and indifferent. 
■ They were all cut from the same strip of plate, and artfully 
broken to present different looking fractures, by which the 
, witness was deceived. 

It is not unusual to find eminent engineers at inquests and 
inquiries delivering judgement on the quality of iron without 
anything to base their opinion on except the load per square 
inch required to tear the material asunder. 

As it has just been attempted to show, this can give no true 
indication of the quality of a plate. The precise character of the 
fracture, contraction at broken area compared with original sec- 
tion, together with the shape and temperature of the test-piece, 
direction of strain, and manner in which the breaking-load is 
applied, as well as the amount of the load, must all^be con- 
sidered. 

If the plate whose quality is in question has been taken 
from an old boiler the age should be known and the position in 
the boiler, along with any other circumstances tending to 
throw light on the nature and amount of the strains to which it 
has been exposed, and which may influence the manner oi 
breaking. 

As shown by Mr. Blirkaldy, good ductile iron can be made 
to appear crystalline when pulled asunder in the testing- 
machine simply by confining the minimum sectional area where 
fracture will occur to one point, or to a very short length, 
as by turning a narrow groove in* a round bar. By so re- 
ducing the section the shape is rendered unfavourable for 
drawing oiit, and the specimen is more liable to snap than 
when the minimum sectional area is uniform for at least five 
or six inches. 

In all cases where the elongation and reduction of the 
fractured area are lessened by cold rolling, hammering, altering 
the shape of test-piece, or by applying the strain suddenly, the 
breaking load of the material will be increased in proportion 
to the increased area of fracture. 

JFor much of our knowledge of tla.e "yaxVai^ivoii a? strength m 
boiler plates and bars at different t©mpeTw\.\a©ft -^^ «c«k yeA^Xk^ 
^o the experiments of Sir W, Tairbaam. T!>ttft %skA5S^<iJ 
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tables give the results of these, from which it may be seen that 
from 0** to 400° Fahr. the tenacity of platen is practically 
muform. The difference between the strength of wrought 
iron and copper at ordinary working temperatures is very striking. 



PLATES. 



remjKmtturJlJ"-?":?^^^^^ 



Fahr. 



0** 
60 
114 
212 
270 
340 
395 
doll red 



the direction of 
the fibre. 



Breaking weight 
■per sq. in. in tons. 

21-879 
22-414 
18-462 
19-963 
19-651 
22-307 
20-574 



Drawn asunder 
across the fibre. 



Breaking weight 
•per sq. in. in tons. 



18-689 
19-714 
20-392 



18-789 
15-299 



RIVET IRON. 


Temperature 
Fahr. 






Breaking 

weight per 

sq. in. in tons 


30' 


28-26 


60 


2805 


114 


31-61 


212 


35-39 


250-270 


36-89 


310—325 


37-52 


415—435 


37-47 


red heat 


15-62 



The Staffordshire plates employed in these tests do not 
appear to have been of good quality. The maximum strength 
of rivet iron — 39 tons — appeared to be attained at a tempera- 
ture of 320^ This is above the temperature at which the 
mean stiength of the plates — 20^ tons — was attained ; little or 
no change is observable in the strength of the plates, whilst that 
of the bars is increased nearly one-half. 



STEEL. 

Steel Ib popidarly described as iron holding a mid-position 
between cast and wrought iron with respect to the amount of 
carbon it contains, cast iron having from 6 to 2 per cent, of 
carbon, steel from 2 to ^ per cent., whilst wrought iron has a 
percentage varying from i to :f . 

It is beside the purpose of this work to inquire closely into 
the accuracy of the above description, but it is beyond question 
that the elimination from ordinary cast iron of other ingredients 
besides the surplus amount of carbon is essential for the pro- 
duction of good steeL 

To tha iDtimate chemical union of this mediam. ^\sio\rQX» ^1 
earboD are uaually ascribed the remarkable c\iMai<i\.et\«XAfi» \s^ 
w^'ah the higher claasea of steel are diatingoisYi^d. X^\MiX^N^^ 
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influence the presence of other ingredients may have upon iti 
quality, it has been satisfactorily shown that the tensile strengU 
of steel is intimately connected with its degree of hardness, an( 
both these properties are proportioned to the amount of carboi 
in chemical combination. Up to a certain point, which varie 
with the quality of the material, the tenacity of steel may b 
said to increase with its proportion of carbon. With Besseme 
steel the greatest strength, about 70 tons per square inch, i 
reached when the carbon contained is about 1^ per cent., th 
' elongation being then about 2 J per cent. Beyond this degre 
of carbonisation the steel becomes gradually weaker. Whei 
v /the contained carbon is about \ per cent., the breaking weigh 
Vi is only about 30 tons per square inch, with an elongation c 
16 per cent. With less than f per cent. Bessemer steel wi] 
not temper, with more than | per cent, it will not weld, and th 
presence of more than 2 per. cent, is said to render it useles 
for forging. These amounts, however, vary with the qnalit; 
of the material, which is influenced by various causes. 

Besides the chemical distinction just mentioned, it is difficul 
to name, without risk of contradiction, a single propert 
conmion to all the various classes of metal that come under th 
denomination steel, by which they may be distinguish ad froi 
wrought iron unless it be superior tensile and compressiv 
strength combined with greater resilience and a higher limit c 
elasticity, and even in these respects the diflerence in som 
exceptional cases is not very marked. 

The higher classes of steel, which will harden and tempei 
and even weld in some cases, not being adapted for coustructiv 
purposes do not call for special comment, and we shall restric 
ourselves to the discussion of the properties belonging to th 
milder qualities, which alone are fit for boiler making. 

It was probably the high degree of tenacity and ductilit 
exhibited by tool and spring steel that first drew attention t 
the advantages offered by this material for constructive pui 
poses. Its high price, however, long stood in the way of ii 
being largely adopted, and this obstacle was only removed b 
the introduction of new methods of manufacture, which can i 
yet be termed improvements only with respect to their con 
mercial success, and not as aflecting the quality of the materia 

According to the mode of manufacture, the material 
designated crucible cast steel, Bessemer ateel, and puddled stee 
homogeneous metal is a kind of mild ca^^t ^\.ft^. "C^Vva \w 
and plates of this and the two first mentioived de^cn.^\iQTi^ 
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I 

made from a single ingot ; but in puddled stool they are com- 
I posed of many small pieces piled and welded together like 
I puddled-iron, and are coDsequeutly liable to the same defects. 
I In comparing the properties of steel and iron plates there can 

I be no dispute that the nature of the processes employed in the 
production of cast-steel is immensely superior to that employed 
in the manufacture of wrought iron for ensuring a uniform 
texture in the material. Cast-steel plates made from a fluid 
I mass run into a single ingot, and well worked under the hammer, 
I are likely to be perfectly homogeneous aud free from the im- 
ff perfect welds and internal defects caused by the presence of 
dnder and slag, found even in the best puddled-iron, which 
being built up of numerous small pieces, all more or less pro- 
perly welded together, is entirely dependent upon the skill and 
care exercised in its production, for its homogeneity and freedom 
from lamination, blisters and other defects, internal and super- 
fidaL It must, however, be admitted that the homogeneity of 
a bar or plate of cast steel is frequently far less perfect than we 
might expect, and with the best mild steel, although w6 may, 
generally rely upon uniformity of character in any single plate,] 
the same uniformity of quality and character running throughj 
a cc maider able number of plates cannot be generally obtained, i 
Sotwithstandin g its superiority in tensile strength and other 
properties, steel is as yet in comparatively small request for 
boiler-making. The feeling that still prevails against its em- 
ployment cannot be attributed to the existence of any inherent 
defect in the nature of the material, revealed by the trying ordeal 
of actual work in a boiler, as is known to be the case with cast 
iron. Ko doubt many absurd objections are still heard against 
the employment of steel plates, such, for instance, as that it 
expands and contracts to such a degree on the application and 
withdrawal of heat as to render it unfit for boiler furnaces ; 
that on heating it warps and twists so much that it cannot be 
used where the plates require to be worked hot, or that it is 
liable to fracture at any moment without warning and without 
any known cause. 

That there is still a certain amount of treachery in steel 
plates when subject to blows and sudden strains cannot be 
denied, but when closely inquired into the prejudice against 
. I it appears to have grown out of the distrust caused by the occa- 
I Bional failure o£ the bard steel plates employed a\. V^i'a \.ycw^ qI 
^ tie introdvction of thia material for boileT-maVin^ «^^0l \^^- 
bmlding, when its properties were not bo -well xxiider^i^o^ «& ^^» 
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preRent. The desire to take advantage of their high tensile 
streDgth led to the employment of plates of so hard a quality as 
we now know could not be otherwise than brittle and untrust- 
worthy. It has been found by experience with different quali- 
ties that in steel plates toughness is incompatible with great 
tensile strength, and these two qualities may be considered as 
being in the inverse ratio to each other. If we insist upon 
having a tensile strength of 40 tons and upwards, we must 
be prepared to find a steel hard and brittle, and therefore 
not adapted for boiler-making. In order to ensure freedom i 
' from brittleness, from 33 to 36 tons per square inch appears to ' 
be the maximum tensile strength that can be allowed. Steel 
plates of this strength can be made sufficiently tough and i 
ductile to render them safe and also tolerably easily worked. ! 
This latter is a most important condition, on which depends in ' 
no small degree the commercial success of the material for 
boiler-making. 

There can be little doubt that the use of steel for boiler 
plates has been retarded by the want of knowledge of its . 
properties and the consequent difficulty sometimes met with in 
working it. The result of this is a disposition on the part of : 
the great majority of boiler-makers to avoid using it as much 
I as possible. 

' Good steel plates, even of thej aild eat quality^ are affected by 
' fire in quite a different mannerfrom iron plates. This exer- 
cises an important influence on their behaviour when submitted 
to the operation of flanging and bending at a high temperature. 
In flanging wrought iron it is necessary to heat only a short 
length of the plate at a time, but with steel it is advisable to 
heat a much larger portion of the plate than can be worked by 
the ordinary slow process of flanging at each heating, in order 
to prevent injury. Indeed, it is much better to complete the 
flanging at one or at most two heatings, operating gradually 
to the same degree on the whole extent of the part to be 
flanged. This can, of course, in the majority of cases be done 
only by special machinery, which is now being more extensively 
introduced into boiler- works for the purpose. After such an 
operation is completed, the steel plate cannot be trusted to 
stand rough usage at the part that has been highly heated. It 
is, therefore, advisable to anneal it in order to restore its tough- 
ness. The process of annealing consists in slowly heating the 
plate to a, dull red heat, and allowing it to eooV «^«:\\i ^orwVj 
and uniformly. Immersion in fin© aahea «t ^mi^ Ha ^«t£ia\AxixR 
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tdopted for this purpose^ but care must be taken that the plate 
ye not so highly heated when the immersion takes place, as to 
induce a chemical change in its properties -when in contact with 
the non-conducting substance. The appearance of the plate 
is Bometinies impaired by annealing, and when required to be 
extensively applied the process of annealing becomes an expen- 
dve one. 

In "working a steel plate cold, care should be taken that there 

sre no flaws or cracks, as, except in the very mildest qualities, 

ihey are liable to cause fracture. When bent cold, or subject ' 

to severe straining or jarring, even a ragge d edge has a tendency 

to make the plate snap or break sudaenly. This phenomenon 

.is also common to the harder and more brittle descriptions of 

; mrought iron, but in a less degree. For this reason, in working 

oold or bending cast steel plates, especially if at all hard or 

unannealed, all sharp edges and rags left by punching, shearing, 

or chipping should be carefully removed. 

As an instance of the special treatment required by steel, it 

I may be mentioned that in hammering down a screwed stay-bolt- 
end of steel, with the thread left on, there is a risk of producing 
foliation, which renders the head liable to snap off. To guard 
against this, it is advisable to turn the thread off the end of the 
Btay-bolt, which enables it to be riveted over successfully. 

Respecting the effect of punching on steel plates, we have no 
lack of experiments to show how plates of different qualities are 
ifiected by this process. It may be here remarked that it is 
mostly to the researches of shipbuilders that boiler-makers are in- 
debted for exact experimental knowledge of the properties of steel 
plates. One of the principal results obtained, both from experi- 
f i ments and experience of the material in actual riveted work, is 
T I that steel plates of average suitable quality are more injured 
a] tlwui wrought- iron plates by punching. R oughly s peaking.. the 
y inipry is in propor tion t o their hardness. For this reason most 
)e makers of s^eT Tiiollers^ have abandoned punching in favour of 
drilling, and with satisfactory results. 
The increased expense of drilling plates for shipbuilding led 
ji I to attempts to discover some means of obviating the injurious 
to I effects of the punch, and annealing was found to restore the 
It I toughness of the punched cast-steel plate, if not entirely at least 
h- 1 to some extent. 

Some tests were conducted hy Mr. Sharp, o£ "BoUon^ era. >iJtkft 
ampArative strength of dnlled and punched "hoVea, \«\i«\i 'Otift 
/ fwali was found to be for an average of three ttiaVa 4^ ^^x ^^xiN^ 
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in favour of drilling. The plates were Bessemer steel ^y thick, 
three being drilled, and three punched with |'' holes at 1^" 
/ centres. The average breaking strengths were respectively 
, / 36*25 tons and 24*33 tons per square inch. 
/ In some experiments on the strength of punched steel plates, 

/ conducted by Mr. Barnaby, at Chatham, the average ultimate 
j strength of 8 unannealed ^" plates was found to be but 21 tons 
I per square inch, whereas 8 similar plates, after annealing, had 
an average strength of 32f tons, being an increase of about 
55 per cent, or 1 If tons per square inch. To ensure uniformity 
' of quality in the test pieces, eight J" plates were punched witii 
' four I'' holes, and then cut in two, making two strips from each 
• plate for testing, only one of which was annealed. 
'. The annealed strips showed a much greater uniformity of 

resistance than the others, the ranges of strength being re< 
spectively 5^ tons and 9^ tons. The former also bore the usual 
tests of cold bending much better than the latter. 
! The clearance of the die has also been found to influence the 

strength of the plate after punching. 

Mr. Sharp found, as the result of four experiments with 
^" holes punched in a ^" unannealed plate, that when the 
clearance was -^g", tantamount to a considerable countersink, 
the plate was 25 per cent, stronger than when the die was only 
•j3g." larger than the punch. 

Some further experiments recorded by Mr. E. J. Reid, for 
ascertaining to what extent this effect could be relied upon, 
were made with J" Bessemer steel plates punched with -f " holes. 
Four of the test pieces had y^g^" and four had -^'^ taper in the ; 
holes. The gain of strength was about 10 per cent, in favour 
of the increased taper. Mr. Beid remarks that much of the 
injury done to Bessemer steel is due to the strain at the under 
side of the hole. Indications of this in minute cracks may be < 
detected on close examination. A little increase in clearance • 
removes these, and gives the good result above indicated. 

The same authority gives an account of some experiments 
with ^" puddled steel plates, 2 7 inches broad, having an 
average tensile strength of Sl^ tons per square inch length- 
wise, and 27i tons across the fibre. The average strength both 
ways was about four tons per square inch of nett section leas 
for punched than for drilled holes, which were |^" diameter — 
equivalent to a removal of nearly i the section of the strips j 
tested. \ 

Further experimenta with stripa 4^" mde, \»Mm% \j^^ ^^ 
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\ 
holes equal to a removal of rather more than ODe quarter the 

section, showed a loss of 6 tons per square of nett section. 

Some experiments were made with eight strips of ^" pud- 
dled steel, 4 '06 wide, with two ^" holes punched at equal 
distances from each other and the edges of the strip. Four 
of these pieces were annealed after punching, and four 
were not. The results showed there was no gain from 
annealing, exhibiting a marked difference from the Bessemer 
steel in this respect. The tensile strength was 34 and 30 1 
tons per square inch along and across the fibre. 

Eight tests with }" crucible cast -steel plates gave an average ; 
tensile strength of 26 '63 tons lengthwise, and 26 '21 tons per 
square inch across the fibre. Similar plates -^'' thick ex- 
hibited a gain in strength from annealing after being punched. 
The loss of tenacity by punching was, lengthwise and cross- 
wise respectively, 7 and 3f per cent. The gain of annealed 
over unannealed was 14 per cent, lengthwise and 12 per 
cent, crosswise. 

From the above results it will be seen that Bessemer steel 
in punching sustains a very material amount of injury, and 
should therefore be either drilled or else annealed after the ope- 
ration, when punched. The puddled steel plates experimented 
upon did not suffer so much from punching, nor was their 
strength so fully restored by annealing. 

In consequence of their lower price, steel boiler plates are 
mostly made of Bessemer steel of the mildest quality, but 
crucible cast steel is also sometimes used. Their tensile 
strength cannot be taken at more than 33 tons and 36 tons 
respectively, or about 57 per cent, and 71 per cent, greater 
than wrought iron, the elongation being from 16 to 25 per 
oent. when the quality is good. A steel boiler-shell may 
therefore be made of plates at least one- third less in thick- 
ness than a similar shell of wrought iron, to ensure equal 
strength. But the reduction in thickness of the internal 
flues, which are subject to a collapsing pressure, cannot be 
taken in the same proportion. In compressive strength and 
stiffness mild steel is indeed superior to wrought iron (the ratio 
being about the same as for the tenacity) ; but in estimating 
the collapsing pressure of a furnace-tube of ordinary dimensions 
we shall find that, for a given pressure, the thickness oaxvivo^ 
be reduced more than about one-sixth, if we &\i\>%\\\»\xt^ ^\«)^ 
for iron, which given ua ^^'^ instead of |^" plaiea. 
la favour of the ateel, however, it may \>© r«T3ft»xVe^ \Jc^^^ 
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the wasting caused by the action of the heat in the furnace is 
less in thin than in thick plates. For this reason, and also on 
accouut of the hardness of the steel resisting abrasion better, 
steel plates are more durable than iron. 

Besides the weight saved by using steel,-^-often a most im- 
portant consideration, — ^it may be urged that the thinner plates 
will conduct the- heat more rapidly, and give a corresponding 
superior evaporative efficiency. This superiority is not, strictly 
speaking, in proportion to the reduction of thickness, the rela- 
tive conducting powers of steel and iron being about 218 and 
244. In the case of an internal flue-tube the gain an I loss 
would be about equal. But, as we shall see in the chapter on 
Heating Surfaces, we cannot reckon upon any gain in evapora- 
tive efficiency by using a slightly thinner and better conducting 
material. 

The effijcts of corrosion on steel boiler plates will be con- 
sidered in its place, along with the wear and tear of boilers. It 
may, however, be here observed that, if the corrosion acts 
equally on both materials, the strength of a thin plate will 
suffer more proportionately than a thicker one. 

Experiments on the strength of steel riveted joints conducted 
and recorded by Mr. Kirkaldy seem to prove that for the size 
of rivet a greater diameter than double the thickness of the 
plate is required for riveting in steel with plates of the thick- 

1 ness and great tensile strength of those used in the experiments. 

1 The plates tested were all -^V" ^^^^^ ^7 3' broad, having a 
tensile strength of 4k'S^ tons. Some were in their usual soft 
' state, and others were hardened in oil. In the former two -^g" 
rivets failed by shearing, and with two -f^" rivets the plate was 
torn across in two instances with a loss of 45 16 and 43 '5 per 
cent, of tenacity compared with the solid plate. This shows 
a loss of strength in the nett section equal to about 7*2 per 
cent. In the hardened plates -^^" and -^" rivets were f^heared 
through. With a load only 15*9 per cent, less than that borne 
by the entire soft plate, the hardened plate cut through one i^" 
rivet, whilst the other remained good, the plate corner tearing 
ofl*. These experiments, taken together with Fairbaim's on iron 
plates, show that in a single-riveted joint, with the rivets just 
large enough to fail before the plates, the loss of strength bears 
about the same proportion to the strength of the solid plate 
whether the joint be of iron or steel ; al-o that hot rivets do 
not reduce the strength of the plate, and t\i«A.\^i^^^aXA^\:i»i<i- 

ened in oil and joined together witli iivoU wc© iviXVj ^o^^ Saa. 
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strength to unjomted soft plates Iiaving the same gross sectional 
area. 

The hardening in oil was found not only to harden, but also 
to considerably toughen the steel. Hardening in water reduced 
the strength. Tn theae experiments the breaking weight of the 
rivet steel bar was about 38^ tons per square inch, and the 
mean shearing strength of the rivets in the joint was about 
28^ tons, or 26*2 per cent, less than the tensile strength. 
Kespecting the results of these experiments, it may be observed 
that the plates were of harder Rteel than can be trusted for 
boiler-making, and the gain in strength by hardening in oil was 
probably greater than would be found in using milder steel 
which does not temper. The plates also appear to have been 
considerably stronger than the rivets, which may in some mea- 
sure account for the disproportionately large area it was found 
necessary to allow them. 

Experience has shown that much greater care is required in-|> 
heating steel rivets not to injure them, than is necessary when 
iron rivets are used, and they should be hammered down quickly 
before they have time to cool, and closing up by machine is 
preferable to hand riveting when steel rivets are used. \ 

The use of any but the mildest steel should be avoided, as 
rivets of high steel sometimes become so hard after closing up 
that it is impossible to remove them when repairs are required. 
This is probably owing to the effect of some chill they receive 
in cooling, as might be caused by the water dropping on them, 
which is sometimes used for keeping the cup cool in machine 
riveting. The heads are readily enough knocked off, but the 
shanks will sometimes resist the hardest drill, necessitating the 
cutting out of the plates. The heads of steel rivets, if not/ -f 
/ carefully worked, are more liable to fall oS than those of iron,' 
\ by jars, careless caulking, or rough usage. 

It is owing to the above difficulties that the use of steel rivets 
has been altogether given up by some boiler-makers, who prefer 
using iron rivets with steel plates. The usual pitch and 
diameter of rivets is in these cases generally adhered to. It is, 
however, advisable to reduce the pitch slightly, and to use a 
larger number of smaller rivets, to ensure tightness. In wrought- 
iron double-riveted lap joints and double-fished butt joints, 
with either single or double riveting, the strength of the rivtts 
is usually in excess of that of the plates up to V' ^^ Vi\i\0»Lw<^'&'^. 
By tming tie same size and pitch of rivets mt\i ate«\ ^X'aXft'a* >i>aft 
eqmlity in strength is more nearly attained. 
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Mr. Kirkaldy records two experiments on the strength of 
welded steel bars. The results were very unsatisfactory, one 
bar breaking with a loss of 45 and the other of 59 '6 per cent. 
Two other bars parted at the weld during the operation of form- 
ing the heads for testing. As the tensile strength of the uu- 
welded steel bar was about 50^ tons, it would not be so 
favourable for welding soundly as one of milder steel. It is 
considered that Bessemer steel having a tenacity of from 35 to 
45 tons both tempers and welds badly. With a less strength 
it will not temper^ but can be welded ; and with a greater 
tenacity it will not weld, but tempers welL 

The following tests are those given by Camm.ell and Co. for 
steel plates : — 

Forge test (hot). — All plates one inch thick and under to 
bend hot without fracture to an angle of 180% both lengthwise 
and across the grain. 

Forge test (cold). — ^All plates will admit of bending cold with- 
out fracture as follows : — 

Bessemer plates : — tensile strength lengthwise 33 tons per square 
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Crucible cast-steel plates : — tensile strength lengthwise 33 tons per 
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CHAPTER IV. 

RIVETING. 

Until boiler-Bhells and tubes of large diameter can be 
rolled from a solid block like tyres, or drawn solid like small 
tubes, the edges of both iron and steel boiler plates require to 
be joined either by welding or riveting. 

But few if any engineers are now to be met with who would L 
venture to maintain that the riveted lap-joints of a new boiler {f 
are stronger than the entire plate ; yet this was the current 
opinion some forty years ago, however incredible it may now 
appear. It was only after numerous direct experiments had 
proved its fallacy that the error was abandoned. By what 
show of reasoning this view was arrived at, it is difficult to con- 
ceive. Perhaps the union of the plates was regarded as perfect ; 
and then the conclusion would naturally follow, that the double 
thickness was stronger than the single. The nip of the rivet 
in cooling may have been accredited with a greater value than 
we are now inclined to assign to it 

Grenerally speaking, the riveted joints are the weakest poition 
of a new boiler, when there are no large imstrengthened dome 
or man-holes. Since the strength of a structure must be mea- 
sured by its weakest part, — the strength of a chain by its weakest 
link, — the subject of riveting becomes all important. 

Kiveted joints are of various descriptions : those we are con- 
cerned with are designated single and double riveted lap-joints, 
idngle and double riveted butt-joints. The latter are made 
with either a single or double covering-strip, welt, or fish-plate, 
as the piece joining the plates is variously called. Double- 
riveted joints, both lap and butt, may have their rivets arranged 
one row directly behind the other, called chain riveting, or in 
zigzag fashion, which is most common and the best for boiler- 
making. 

The rivets themselves are of various descriptions, or rather 
• their heads are made in various forms. There is first, the ordi- 
nary conical or pointed head, which is fonsieA. \yj VaaOKvsi^ 
down the point with light hammers. Th\a &\ka.^^ ^& ^^^1^ 
anploxed where the space available for iLBimmenxi^ ^owa. "Co 
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I point is limited, as when effecting repairs with the boiler on its 
seat. Although to some extent employed in new work, it is 
not so well liked as formerly, there being nothing to recommend 
it but the facility of making and the shapely appearance it pre- 
sents when well formed. The thinness of the collar renders it 
more vulnerable than the snap head when attacked by corro- 
sion. The height of the conical head varies in different works, 
/but it should be made about equal to f the diameter of rivet, 
/it is, however, commonly made too flat, which, besides having 
I the defect of offering little material to withstand corrosion, 
\ frequently causes the head to be very brittle and easily de- 
\ tached by a single blow from a hand hammer. This brittleness 
is probably caused by the sudden cooling of the small quantity 
of iron for the point when inserted in the hole and flattened 
out, together with the amount of cold hammering the iron re^ 
ceives in finishing. 

The snap or cup head is the best, and is formed by roughly 
hammering down the point ; the form of the head being com- 
pleted by holding a cup-shaped die on it, which is struck with 
a heavy hammer. The height of the snaphead should be about 
i the diameter of rivet, but it varies considerably, being from 
-|^ to i the diameter. The diameter of the head also varies con- 
siderably ; the usual custom is to make the shoulder from 
i^ff" to ^g-" for rivets from |" to ^" diameter. 

Most makers avoid making the bottom of the head cylindrical 
or parallel, but bring it to a sharp edge to facilitate caulking. 
This shape is the best for machine riveting, where the edge of 
the head cannot be finished off as in cupping by hand, but 
usually requires to be subsequently dressed and caulked. 
/ The countersunk head is formed by hammering down the 
' point iuto the conical hole prepared for it ; it is then usually 
dressed off with a chisel and hammer. Although extensively 
used in ship-building, its employment in boiler-making is 
almost limited to cases where even surfaces are required for 
mountings, &c. 

Countersinking should always be avoided in riveting angle- 
I irons, saddle-plates, or brackets, employed for securing stays, 
or wherever the force acts in the direction of the length of the 
rivet. Not only is the countersinking liable to leak under such i 
circumstances, but the head has a very insecure hold of the . 
pJate, and is liable to be drawn through the hole by a much 
Jess pressure than is required to tear the riveV. »svm^«t. 
Tbe allowance made in the lengtli oi t\i^ iv«^^ ^^^ iQirtKfiD% 
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the head should be about 1^ times the diameter for snap and 
conical heads, and about equal to the diameter for countersunk 
heads. In machine riveting the length requires to be \" to ^" 
more than the above. 

The tails of the rivets are generally made pan or flat shaped, 
except in machine riveting, where the cup or similar form is 
almost invariably employed. 

In making the different-shaped heads the rivets may be closed 
up either hot or cold : the latter method is said to be employed 
to some extent in the United States, but very rarely in this 
country. The closing up may be effected either by hand or by 
machine worked by steam, water, or compressed-air power. v 

Machine riveting upsets the rivet and closes up the hole 
better than hand riveting, as the dead heavy pressure is exerted / 
through the whole mass of the rivet, and the effect is not con- j 
centrated upon the point as it must be with a succession of light/ 
sharp blows from a hammer. The evil of the rivet not filling 
the hole well is sometimes aggravated in hand work by the 
blows being dealt on the circumference of the point, in order 
to form a shoulder speedily to resist the hammering, instead of 
letting them fall dead on the point, which should tend to make 
the rivet first fill the hole before the shoulder is formed. 

The possible disadvantage of machine riveting is that the 
plates may not be nipped tightly together, and the rivet may 
be squeezed out between them, causing a permanent separation 
of the surfaces which should be in contact. The pressure of 
the machine not coming on to the plates until the hole has 
been filled, is sometimes not so effective in closing the joint as 
the lighter pressure brought upon the plates in hand riveting, 
where the men drop a few blows round the hole before operating 
on the rivet in order to set the plates close together. 

Hydraulic riveting is more gradual, and is generally prefer- 
able to steam riveting, the pressure with which often comes 
upon the rivet with a violent blow, and does not allow time for 
the rivet to fill the hole so well as with the former method ; but 
it is still preferable to hand riveting, although the appearance 
of the last is the most pleasing to the eye. 
I, As the result of numerous experiments by different authori- \ 
T ties, the average tensile strength of good rivet iron may be taken / 
at 24 or 25 tons per square inch. It is but seldom, however^ ' 
that the t^nsUe gtrength of a rivet is taxed in a "boilet ex.^«^\. 'va. 
the Hat end plate, mounting and stay attachraent^) ^\iet^ ^^ 
MimsB tends io tear off the heads. In a lap ioYn\. «a^ «vxi^«' 
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fished butt joint the force pulling the plates asunder tends to 
shear the rivets thiough in one place only, in the direction of 
its diameter, — this is called a tiingle shear. In a double-fished 
butt joint the rivet is exposed to a double shear, as the plates 
in parting asunder tend to cut the rivet through in two places. 
/ It has been determined by experiment that the ultimate re- 
/ sistance to shearing is proportional to the area of the rivet, and 
[ is practically the same as the ultimate resistance to a direct 
\ longitudinal tensile stress, or 25 tons per square inch. As a rivet 
in double shear offers twice- the area to resist breaking that it 
does in single shear, it should evidently be twice as strong im 
the former case as in the latter. The above cannot, however, 
be regarded as the shearing resistance of a rivet in actual boiler 
work, where its strength is aifected by the heating and hammer- 
ing down to fill the hole and to form the head, and in the 
secoiid place by the tension produced by contraction in cooling. 
In »ome experiments undertaken for the Admiralty at Chat- 
ham i" rivets of best Yorkshire iron ^ere found to have a mean 
single shearing strength of 10 tons each (a fact easily remem- 
bered, and of some use, as i" is a very common size for 
boiler rivets), and a double-shearing strength of 18 tons. These 
strengths correspond respectively to about 22^ tons and 20^ 
tons per square inch of sectional area sheared throiigh. Mr. 
Doyne found the strength of rivets of various sizes and descrip- 
tions in ordinary riveted work averaged 18*82 tons for single 
shear and 17 tons for double shear per square! inch of sectional 
area. The longitudinal tensile strength of the rivet not being 
given, we are unable to estimate the loss of strength due to 
riveting up. 

The shearing strength of iron rivets with thin steel plates 
has been found to be less than with iron plates of the same 
strength. This is probably due to the harder steel cutting into 
the iron of the rivet. The average of eight experiments by 
Mr. Sharp with steel plates and iron rivets gave 18*68 tons per 
square inch. 

We may safely take the strength of the rivet as equal to the 
tensile strength of the plate, or 21 tons per square inch for 
either single or double shear. 

It is obvious that the contraction of the rivet in cooling must 

press the plates between the heads closely together. The 

tension thus caused, although affecting the shearing strength of 

^Ae rivet, must add materially to tlie 8trei\%\^i ObU^ \.\^\si«»& ^1 

^^0 joint Mr. E. Clark, in his wox\t qu \.\i© ^tV^mbom^ %aA 
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Conway Tubular Bridges, gives an account of some interesting 
experiments to ascertain the amount of friction caused by the 
contraction of rivets in cooling, accompanied by some excellent 
remarks : — 

^* The contraction of a wrought-iron rod in cooling is about 
equivalent to yq^j^j^ of its length from a decrease of temperature 
of 15^ Fahrenheit, and the strain thus induced is about 1 ton 
for every square inch of sectional area in the bar. Thus, if a 
rivet 1 inch in section were closed at a temperature of 900°, 
it would, in cooling, decrease in length ■yt>%%u ^^ ^^ length, 
and, if its elasticity and strength remained peifect, would pro- 
duce a tension of 60 tons. The ultimate strength of rivet iron, 
however, being only 24 tons, the rivet would, in cooling, be 
permanently elongated, and would continue when cool to exert 
a tension of 24 tons, provided its elasticity remain uninjured 
by the straio. Thus, if the rivet were not in contact with the 
plates, excepting at the head and tail, the plates would be held 
together by a pressure of 24 tons, and this friction would have 
to be overcome before the rivet came into action as a mere pin. 

** The following experiments were made to ascertain the 
value of friction induced by this cooling and consequent con- 
traction of the rivets, and the force requisite to slide the plates 
over each other. For this purpose three |-inch plates were 
^veted together with a single ^inch rivet, but the hole in the 
centre-plate was oval, and very much larger than the rivet, 
being 2^ inches in its longest diameter. Weights were sus- 
pended from the centre-plate until it slipped and bore upon the 
rivet $ it supported 6*59 tons before it began to slide, which it 
did abruptly. 

**The experiment was repeated with the addition of an 
|-inch plate of iron riveted on each side, between the heads of 
the rivet and the plates, making the shank of the rivet 
2^ inches long ; 4 '47 tons caused the plates to slide. 

'^The last rivet having been found faulty, the experiment 
was repeated exactly as before, and the plates sustained 
?'94 tons before they slipped. 

" In the next experiment a ^-inch rivet was inserted through 
two ^^ " plates, with large holes, with a -j^-inch washer on each 
side next the rivet-head. This combination supported 4*73 tons 
before it gave way.'' 

In his work on "Siip- building," Mr. Ei. 3. "Bj^^^ T^OiOt^^^ 
g^me expezimenta of a moiQ detailed description \\kajv >iXiO^^ cA 
He Clsurk, 
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" Three plates were united by what is known as a * chain- 
joint ' — that is, the ends of the two outer plates overlapped the 
end of the middle plate. The connection of the plates was 
made by three rivets passing through the lap, the rivet-holes in 
the outer plates being filled by the rivets, but the bearing sur- 
face of the holes in the middle plate being slotted 'out, as 
shown in the sketch (fig. 2). It will thus be obvious that 



Fig. 2. 



o 




c 



when a tensile strain was brought 
upon the middle plate, the amount 
of the friction could be measured 
by the force ju&t able to produce 
a sliding motion. The breadth of 
the lap was three diameters, the 
rivets were a diameter clear of the 
edge of the plates, and their pitch 
was four diameters. There were two 
sets of experiments made with iron 
plates and rivets, and in each set 
two experiments were made with 
rivets having heads and points snap 
headed ; two others with rivets having 
pan heads and conical points ; and 
the remaining two with rivets having 
countersunk heads and points. The 
experiments were made in duplicate, 
in order to reduce the chance of error. The first set of experi- 
ments were made with ^inch plates, 8^ inches wide, the rivets 
being | inch. The results were as follows : — 



Description of Rivet. 


Friction per Rivet 


l8t 

Experiment. 


Jnd . 
Experiment. 


Mean. 


Snap beads and points . . 
Pan heads and conical points . 
Conntersank heads and points. 
Mean of the three . 


Tons. 
614 
6-26 
4-56 

• • • 


Tons. 
421 
4-81 
3-74 

• •• 


Tons. 

4-67 

60 

4-15 

4-61 



The second set of experiments were made with plates 11 inches 
wide and ^iuch thick, the rivets used being 1 inch diameter. 
The following TemitA were obtained xmOL^t V\i<d «X^'q^>^\A^ft5L 
conditiom of pitch of rivets, lap, &o. : — 
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Description of Rivet 



Snap heads and points . . 
Pan heads and conical points . 
Countersunk heads and points . 
Mean of the three . 



Friction per Rivet. 



1st 
Experiment. 



Tons. 
6*84 
6-87 
4-56 



2nd 
Experiment. 



Mean. 



Tons. 
5-64 
7-24 
4-09 



Tons. 

5-7 

7-0 

4-3 

6-6 



^'In addition to these experiments with iron plates and 
rivets, two other sets of experiments were made with steel 
plates and rivets of exactly the same dimensions as those used 
in the former experiments, the pitch of rivets, breadth of lap, 
&c., being in each case identical with those previously given. 
With ^-inch plates and ^-inch rivets, the mesults obtained were 
as follows : — 



Description of Rivet 


Friction i)er Rivet 


1st 
Experiment. 


2nd 
Experiment. 


Mean. 


Snap beads and points ... 

'Pan heads and conical points . 

Countersunk heads and points . 

Mean of the three . 


Tons. 
386 
4-79 
3-63 

• ■ • 


Tons. 
4-09 
4-79 
3-43 


Tons. 

3-98 

4-79 

3-53 

4-1 



With ^-inch plates and 1-inch rivets, the following results 
were obtained : — 



Description of Rivet 


Friction per Rivet 


Ist 
Experiment. 


2nd 
Experiment. 


Mean. 


Snap heads and points . . 
Pan beads and conical points . 
Goantersunk beads and points . 
Mean of the three . 


Tons. 
6-43 
5-49 
5-14 

• • • 


Tons. 

6-49 

None made. 

4-91 

.« • 


Tons. 

5.96 

5-49 

5-02 

■5-49 



^^It thuB appears that rivets with pan \ieada «Ai^ CiO\xvR»N 
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points have the advantage over both the other descriptions of 
riveting. The only exception to this is found iu the second 
Ket of the experiments with steel plates and rivets ; bat, as only 
one experiment iras made, the resolt cannot be relied on. It 
also becomes evident that countersunk riveting causes much 
lens friction than the other systems. On comparison, it will be 
seen that in nearly all cases steel plates and rivets give less 
friction than iron, the only exception being the cases of rivets 
with snap heads and points, and those with countersunk heads 
and points, in the same set of experiments. The former of 
these exceptions is scarcely worth notice, as the difference is so 
small. The use of larger rivets with the same pitch, &c., gives 
an increase in the friction, but no law of increase appears to be 
conformed to. 

'* Although these experiments do not give any definite idea 
of the probable amount of friction which would result from the 
use of rivets having different diameters and pitch, they yet 
serve to show how much the strength of a riveted joint is 
increased by the contraction of the rivets." 

Now, if we take the coefficient of friction of wrought iron 
upon wrought iron at '18, and assume the rivets to act with 
the full tension of 24 tons per square inch of section in squeez- 
ing the plates together, we should require 4*3 tons weight per 
square inch of rivet to overcome the friction of the two surfaces. 
The high results obtained from the experiments were* probably 
due to the inequalities and dirt on the surfaces of the plates in 
contact, which would materially increase the friction. 

It must not, however, be concluded that the value of a rivet 
is to be determined by adding to its shearing strength the 
amount of friction between the plates produced by its contrac* *.. 
tion iu cooling. Although these two elements of strength act 
together in a well-filled hole, they cnnnot be considered as 
acting independently. Whatever gain is obtained by the con- 
struction is to some extent counterbalanced by the.joss of 
strength due to the tent^ion on the rivet. 

The manner in which a severe tensile strain affects a lap joint 
by pulling it athwart the line of strain (fig. 7^ page 69), must 
also tend to diminish the friction of the plates. Long before the 
ultimate resistance of the joint is reached, especially with single 
riveting, the friction of the plates must be gi'eatly diminished, 
and cannot be regarded as materially influencing the ultimate 
strength of the joint 
In old boilers it is probable that t'b«> ^i^usaoia. oi >^^ tct^H. 
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becomes gradu.illy eased by the continual straining and altera- 
tion of temperature, which will in time affect the nature of the 
ifon. The fiiction may not, however, be dimiuiBhed in the 
same proportion, as we maj eipect the contact of the surfacea 
to become more perfect after long wear togethor, \ 

There can be do doubt that severe caulking, as commonly ' 
practised, must tend to diminish the friction between the plates, 
especiallf when they are thin. The sketch (fig. 3) ahowa 

Kg. 3. 




the manner, aomewhat exaggerated, m which the pKtea are 
forced apart by the caulkm);, when done with a set auJ heavy 
hammer. 

When the edge of the caulking tool is very thin, it is seme- 
times driven by careless workmeu right iuto the joint, wedging 
it wide open. There should now no longer be necessity for 
•evere oaulking, siuce it has become the practice in all good 
boilflr worka to plaue the edges of tbe plates. This uot only leaves 
a better edge for light caulking, esjiecially when it is slightly 
bevelled, but at the same time it enables a more uniform 
■moont of lap from the centre of the hole to he maiutnined 
thin when the edges were dressi^d by hand, aud conduces 
greatly to the facility of making a tight joint. 

In tryitig situationn, where it ia diBiuolt to keep a joint 
tight, too mucli lap is decidedly wonie than a slight deEcieacy. 
One and a half times the diameter from the ceutre of the rivet 
' to the edge of the plate is found sufficient in every case. 
1 Severe and careless caulking has more to answQT ta ^.Vkq S* 
I toniaumljr luppoaed. On the inside of the ViiXet \V ol^«a 
r mdactm grooviag aaii fraciMie, and even wU«ie gtoo^ma^>»* ^ 
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existence, the fractures of the plates in exploded boilers often 
follow the line of caulking in preference to the line of rivet 
holes. 

The contraction of the rivet in cooling must act transversely 
y^ as well as longitudinally, and thus cause it to become slack in 
the hole it filled while hot. Thi^^ shrinkage in the diameter is 
^ also increased by the tension due to longitudinal contraction. 
That the total shrinkage from these causes is very slight^ is 
shown by the difficulty sometimes found in dLstinguishing thd 
line between the rivet and plate in specimens of machine- 
riveted work, planed down to exhibit the quality of the work- 
manship. 

It is sometimes affirmed that the red-hot rivet acts injuri- 
ously on the iron round the hole in hard and steely plates, 
especially if cooled suddenly. For this reason, and also to 
obviate the teusional strain caused by the contraction of hot 
rivets, some engineers have advocated the use of cold riveting. 
This certainly has the advantage of precluding the employment 
of all but the very best rivet iron, and of demanding that the holes 
shall coincide. On the other hand, it is 8aid, cold hammering 
acts injuriously on the rivet-head ; and on this account, as we 
stated above, conical heads are falling into disuse. It is, how- 
ever, (questionable whether the amount of hammering that 
might damage bad iron would seriously affect iron of good 
quality. % 

When the length of the rivet is considerable — as, for instance^ 
in the joint at the fire-hole and fire-box foundation rings of 
some locomotive and vertical boilers — ^the contraction in cooling 
often affects the strength of the rivet to an injurious degree, 
and draws ofi" the head. As the contraction should be propor- 
tionate to the length of the rivet, it is not very clear why the 
strength is affected by the length, unless the tension is concen- 
trated just beneath the point where the rivet remains longest . 
hot. 

Besides the shearing and stretching strains just considered, , 
boiler rivets are exposed to other severe tests. The heads are 
liable to be knocked off externally by the rough usage in re- 
moving the boiler from the maker's. Inside, the heads are often ^ 
detached by the careless use of hammers and picks in removing 
incrustation. 
/ The JHiring effect from hammering, when the boiler is under- 
^ going repairs, frequently results in detac\iVn^V>T\.^W«> "mtVt^ww^j^ -^ 
And when exposed to the action of tVie ^© ^Ave^S ««» "^aaXAa Vi \j% 
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burnt, and are easily knocked off by a careless stoker. For 
these reasons alone^ it is evideiit that rivets should be made of 
first-rate iron. Yet this is far from being the general practice, 
aud the large quantities of rubbish that command a sale as 
boiler rivets is a proof of the greed, recklessncHS, aud ignorance 
of the maker and purchaser of the boiler, the oue being fre- ' 
quently no more blamable than the other. 

Whilst rivets of bad iron can often be detached by a few 
sharp blows with a light hammer, it requires from twelve to ^ 
twenty powerful blows with a quarter-hammer to force off a 
•J-inch rivet-head. With indifferent iron, little or no distortion 
by the hammering is apparent ; but with very good iron the 
distortion is so great that the portion of the head operated upon 
will be found flattened by the set, past the edge of the hole, 
before the iron in the shank yieldck 

Bivet-holes may be punched or drilled. Both methods have 
their partizans, who persistently maintain the superiority of the 
system they advocate over the other. The usual arguments in 
fkvour of punching are a saving of from one-third to one-sixth of 
time and labour as compared with drilling — a most conclusive 
• argument with the manufacturer, but it does not apply so 
strongly when multiple drilling-machines can be used. The 
ihape of the punched hole, which is conoidal and slightly 
countersunk, is considered by many to be more favourable for 
tight work than a hole made by the drill, which is parallel or 
cylindricaL There are many boiler-yards not well provided with 
machinery, where even the roundness of drilled holes cannot be 
depended upon in the haste that accompanies most of the opera- 
tions in boiler-making. The punch leaves no burr behind it, as 
the drill does, and which should be dressed off, but is too often 
forgotten. When the overlapping plates are drilled together, 
the burr between them should always be removed, as it is liable 
to prevent their closing tightly to make a good joint. 

It is argued in favour of the drill, that the positions of the 
holeB marked off from the overlapping plate can be preserved 
iBore faithfully with it than with the punch. This is, doubtless, 
a strong argument if it can be maintained, for these half-blind 
holes are the bane of boiler-making. But many affirm, and 
with good reason, that a careful aud skilful workman can punch 
the holes as accurately as they are likely to be drilled, MvAft'dS!* 
hoth plates are pierced together. In some WiVex-^wc^^ "Ocli^ 
soamq^ of the punched holes is ensured by the uaa ol ^ ^^^'^ 
Metuigr traveller for feeding in the plato. ^YlieIi t\i© ^o«!C\o\i's^ < 
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the holes are marked by a centre-punch, the plan is sometimes 
adopted of forcDiiig a very small projection on the bottom of 
the puoch, which enables the ceutres of the holes in the plate to 
be felt for, thereby ensuring as much accuracy as can be elaimed 
for drilliug. A somewhat questionable argument in favour of 
drilled holes is, that the rivets are more easily removed when 
repairs are required. But the chief argument in favour of the 
drill is, that it does not injure the plates like the punch. 

All kinds of boiler plates, worthy of the name, will bear punch- 
ing, and in the great majority of cases without exhibiting any indi- 
cations of injury from the process, when submitted to the ordinary 
modes of scrutiny. Yet the quality of the plate has an important 
influence on its manner of bearing the severe treatment it under- 
goes at the punohuig-macLine. Inferior and badly refined 
plates, being brittle, suiler to a much greater extent than those 
of better and more ductile quality. In fact, punching a hole at 
the U8U}il distance from the edge (one diameter clear) in an iik- 1 
ferior ship plate will often produce fracture. It is not always 
the very best brands that pass through the ordeal of punching 
with the least injury. Some of the Best Yorkshire plates are of 
a hard and stubborn nature, although ductile, and possibly do v 
not bear punching so well as some of the softer South Stafford- 
shire irons. 

There is still a want of conclusive experimental evidence to 
decide the precise amount of injury plates of different quality 
and thickness, with holes of different diameter, pitch, and dis- 
tance from edge, sustain in punching. It is generally assumed 
that plates of fair quality, having a tenacity of 21 tons per 
square inch, cannot be relied upon to bear more than 16 or 17 
tons per square inch of section left between holes in (^dinary :1 
Hteam-tight riveted joints, equivalent to about 24 and 20 per 'A 
cent. lo»s of strength. This is a maximum loss for hard plates - 
of average boiler quality ; but many soft plates do not suffer 
more than from 4 to 8 per cent, loss of strength with the holes 
punched a whole diameter clear of the edge, and at the tecond 
row of rivets in double riveting do not suffer at alL If the .' 
edge of the plate has been cut near the edge of the slab, it will be 
likely to suffer more in punching than if cut some distance from 
it. As the risk of damaging a plate by punching diminishes 
as the distance of the hole from the edge increases, some boiler- 
oTFDers who prefer punching to drilling specify their plates to 
ba cat about half an inch larger ali xoxmd. xWu ^^•^xs ^vas^«Q 
jsize, in order to keep the holea a sa^e di;»WiiQe iroin. >2Sttft ^^l^V 
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panching. The surplus material is subsequently planed or 
dressed off. 

tThe violence done to the plate may be seen more clearly by 
considering the force requisite to punch it. It has bee^ found 
by experiment that the resistance of a wrought-irou plate to 
punching is about the same as its resistance to tearing by a 
tenfdle strain. Taking this at 21 tons per square inch, and 
regarding the resistance to the punch as measured, not by the 
area of the hole, but by the area of the metal separated, or the 
drcumference of the hole multiplied by the thickness of the 
plate, we have (2 X7rXtX^l= force, which just balances 
resbtance to punching a hole of diameter d through a plate of 
thickness t The resistance increases directly as the thickness of 
j^te, diameter of hole, and strength of plate, aud will be 
aflboted by the condition of the punch and clearance of the 
die. For a i-inch hole through a ^-inch plate the force re- 
quired is about 24 1 tons. We can also readily find the 
gmatest thickness of plate we can perforate with a punch of 
given diameter, or the least size of hole we can punch in a 
^te of given thickness, the compressive strength of the punch 
being given. Assuming this to be 100 tons per square inch, 
-nd the maximum resistance of wrought iron at 25 tons, we 
have the resistance of the plate = 2rX7rXtx 25, and the 
nriatanoe of the punch to crushing =r'X7rXlOO. It is 
trident that when < = 2 r, or diameter of hole, the ^ two resist- 
noes are equal We find, therefore, that when the compressive 
jknogth of the punch is just over four times as great as the 
taaiing strength of the plate, it will just perforate a hole of a 
dkmeter equal to the thickness. If the thickness of plate be 
graater than the diameter of hole the punch must be stronger, 
or the plate weaker, than we have assumed, or the hole cannot 
be punched. In practice, it is rarely if ever attempted to punch 
a hole less in diameter than the thickness of the plate. An 
lidi and a quarter hole through an inch aud a quarter plate is 
vfaat a good machine should have power to punch. 

The holes are punched slightly larger than the diameter of 
the rivet, to allow its easy insertion when red hot. For |-inch 
obI lifetB a bare -^^r inch in diameter is commonly allowed. This 
heif iiiGrease of diameter should obviously increase with the size of 
ier- k riteti The punch should be formed slightly largest in diamatvit 
. toi ifc the &ce^ which is best made somewhat concave, Ta\\iet \i)cks\M 
bM^creonrex, to make a clean cut. The hold m ^\ie ^^ft\ 
imm^n^B made somewhat larger than the punck, to \€>?»«»'iti x? 
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friction and to allow the wad or burr, as the piece of iroi 
called, to be forced out more readily than if the die were 
exact fit. The less the clearance between the punch and 
die, th0 greater the distress of the plate. The difference 
size between the punch and the die is the cause of the con 
shape of the punched hole. The sizes are usually in the n 
of from 1 : 1 •! to 1 : 1 -2. By increasing the size of the die i 
ficiently the holes can be made countersunk through the wl 
thickness of plate. Advantage is sometimes taken of this 
ship-building. The plates are put together so that the sd 
ends of the holes are inside (fig. 4). The rivet is formed n 



Fig. 4. 



Fig. 5. 





a taper next the head (fig. 4), which fills the conical hole in 
plate, and the hole in the other plate is filled by hammei 
down the rivet. By this means the holes are more likely to 
completely filled up. 

It is usually understood that boiler plates with punched he 
are always arranged with the holes lying together as in fig. 
and an importance is attached to this arrangement which i 
perhaps, been somewhat overrated. Where the steel d 
is employed (and where is its use altogether dispensed with ? 
will upset the edge of the hole between the plates, and separ 
the contact of their surfaces to a greater extent than when 
larger ends of the holes are brought together, and thereby imj 
the efficiency of the joint. On the other hand, however, hs 
mering up the rivet in a hole with the small ends outside tei 
to wedge the plates asunder. Besides, in the event of a riv 
head being accidentally knocked off, the first- mentioned arran 
meiit of the holes will still retain the rivet in its place, c 
hold the plates together. The tension due to the contraction 
the rivet in cooling is by this arrangement spread over the wh 
Jengtb of the bole, and is not concentTa.V.e^ ^\. \\» ^xA^ " 
beads bare, tberefore, comparatlveVy UU\o Vi ^o. K>^ "Cj 
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Fig. 6. 





ed, this method has its advantages, which appear to 
he favour in which it is held, and which outweigh any 
fects incidental to its employment. When repairs are 
., the difficulty of getting the rivets out is about equal 
arrangement^ if the holes are well filled and the work- 

> is good. ^ 
of the greatest importance that the corresponding holes \ 
ning plates should coincide, and not partially overlap i 
her, or be half blind, as it is called (fig. 6). In rough / 
30 little attention is paid to 
itter, and even where great 

us ed in marking oflf an d 

§L ^L^^rHiSK' cases of holes 
iiciding will frequently occur, 
ily do these defects add to 
Siculty of making the joint 
jy distorting the rivet and 
ing it from filling the hole 
f, but it also leads to the 
the drift, which in the hands 
ess workmen is often hammered into the hole in 
reckless manner as to cause serious injury to the 
With the use of the drift, which is a short steel spindle 
taper end, the holes are forced and contorted into an 
r shape, sufficiently large to admit of the insertion of 
t, which passes obliquely through the plates. It will 
upon the degree of blindness whether the hot rivet can 
[nered up to fill the contorted hole or not, and make a 
iut, and whether its oblique position seriously affects its 
resist the strain it is designed to bear. When, as the 
f bad workmanship, the rivet cannot be inserted with- 
>urse to some means for straightening the holes, it is 
rimer them out and use a larger rivet. This has the 
ge of not distressing the plate, which is sometimes sup- 

> be sorely enough tried in the first place by the punch- 
'his method is sometimes employed throughout the rivet 
le holes beiug all punched or drilled somewhat less than 
i, and afterwards rimered to the full size. Should the 
at be drawn quite close together before the rimer is 
, the particles of iron are liable to find their way be- 
hem and impair tlie tightness of the jom^.. T^\^ ^"Mv 

tlie conical form of the punched holes, "bwt ftTi^xxx^^ ^ 
7 than the ordinary careless metboda of xiveXiw^. 
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Several experiments have been made to determine the relat 
value of drilled and punched plates in riveted work. 

Mr. W. H. Maynard arrived at the following results w 
four bars out from the same plate, two being punched and t 
drilled) with 1-inch holes having the same sectional area at i 
reduced part — 1^ square inches. 



Breaking weight in tons. 


Difference in 
tons. 


Difference p 


Experi- 
ment. 


Drilled bar. 


Punched bar. 


cent, in favo 
of drilled. 


let V 
2nd 


304 
314 


26 
26 


44 
5i 


17 
21 


Mean. 


81 


26 


5 


19 



The quality of the plates and the appearance of the fract 
are not given, which renders these experiments of little value 
deducing any general rule. The following are the results 
some experiments by the same authority to test the differe: 
in value between rivets in punched holes and similar rivets 
drilled holes : — 

^inch rivets in drilled holes, 

1st, single shear = 26 tons per square inch. Double sheai 
39*2 tons. 

2nd, single shear = 26 4 tons per square inch. D01: 
shear, — ^Experiment failed. 

^'hich rivets in punched holes, 

Is^^ single shear = 27 '2 tons per square inch. Double shea 
45 '6 tons. 

2nd, single shear =: 26 tons per square inch. Double shear 
Experiment failed. 

Mr. Maynard considers the above as conclusive that rivets 
drilled holes, subject to shearing strain, were about four 
, cent, weaker than rivets in punched holes under similar stn 
< and thinks the sharp edges of the drilled holes have a gres 
tendency to nip off the rivets than the rounded edges of 
/ piwobed holes. This conclusion has been confirmed by m 
recent experimentB in America. Tlie xixeVia %i\y^^^^ ^'^^ 
cleaner by the drilled plates than by tlio pxwcLcJtiB^ 
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comparing the strength of panched and drilled work toge- 
Mr. Maynard concludes, Ist, that drilled plates are 
ger than punched by 19 per cent. ; 2nd, that rivets are 
er in drilled holes than in punched by four per cent. ; 3rd, 
the difference is in favour of drilled work by 15 per cent. 
Le above conclusions would require to be modified for dif- 
t quantities of rivets, plat-es, and workmanship. 
: W. Fairbairn, in his ** Useful Information for Engineers," 
a detailed account of some experiment made on the 
gth of single and double riveted lap and butt joints, with 
hed holes, both snap and countersunk heads being used, 
riveting was done both by hand and machinery, and, as we 
Id expect, the latter proved the more effective. . The joints 
countersunk heads were found to be abaut as strong as the 
-8, although there must have been a diminution of strength 
Bponding to the amount cut out by the countersinking, 
double-riveted lap joint was found to have a strength very 
tly inferior to that corresponding to the section of the plate 
between rivet holes, showing the plates had not suffered 

\ 

due to the reduction of section at the line of rivet holes, j 
^ case the punching may have had a more injurious effect 
he plates, the line of holes being nearer the edge than the 
whi^ bears the brunt of the strain in the double-riveted 
L However, the inferior strength must be mainly ascribed < 
ke manner in which the tension strains the joint, and draws j 
^wart the line of strain, as shown in fig. 7. The joint will 

Fig. 7. 



rially by the punching. The single-riveted lap joint showed^ 
verage loss of strength of 24 per cent, over and above the 




nys tend to assume this form under severe tensional strain in 
■equence of the force tending to act in a direct line through 
B middle of the plates. The joint here manifestly acts at a 
advantage, the strain being unequally distributed. ^wTootx^ \\ift \ 
tmof the plate, thoBe of the inside of the ^oVnt aAi \^ift c«ii\»x^ j 
'Aeiiret bearing more than the rest. The t\n.ck.eT We ^'^Xa; 
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very thick plates, |-incli and above, can only be de- 
by actual test ; it will probably amount to from 50 to 
jnt. That the weakness of the single-riveted lap joint 
g to the oblique action or unequal distribution of the 
pears to be proved by Fairbairn's ezperimeuts, where 
eting and butt joint with double strips were tried. The 
of this was found to be about equal per square inch of 
3 that of a double-riveted lap joint, or nearly that due 
I impaired section between the holes, 
some experiments made by Mr. Brunei with double- 
utt joiuts and best Staffordshire ^ plates, having 
nch thick, with double and triple chain and zigzag 

the following results were arrived at : — The sectional 
he rivets and plates should be equal : triple riveting is 
to double-chain riveting in proportion to the sectional 
jlates retained ; and the strength of the plates is unim- 
ty the punching, 20 tons per square inch being the 

weight alike of the solid plate and the section left be- 
e holes. 

Useful Information for Engineers," the strength of the 
)mpared with that of the entire plate is given as 

Strength of plate =100 

Strength of double riveting = 98 
Strength of single riveting s= 7^ 

Dss of strength here given is due to the treatment the 
received, and to the form of joint, and is quite irrespec- 
ihe diminished section at the line of rivets. A further 
n must be made, corresponding to tho amount of sec- 
loved in making the holes. This varies considerably for 
vetiug, but 30 per cent, may be taken as an average 
je for double riveting. Fairbairn takes 30 per cent, also 
ie riveting, and gives, accordingly, the actual strength of 
e and the two descriptions of joints as 100, 68, and 46. 
)er cent, is, however, too small an allowance for single 
, and floes not agree with either the common practice or 
e for the pitch of rivets given in the volume in question. 
tter gives for |-inch rivets and f" plates If-inch pitch, 
mding to a loss of 43 per cent. ; a loss of only 30 per 
)uld require 24-inch pitch, which is now onVy verj x^ix^"^ 
?J for even very low pressure boilers. Many en^vciL^©^^ 
avail thewaelves of the advautage offered \>y <\avx\A» 






72 A TREATISE ON STEAM BOILERS. 

riveting for maintaining a large section of plate, but use the 
same pitch as for single riveting, the rivets being arranged in 
the form of an equilateral tiiangle, vrhich in many cases causes 
the removal of 40 per cent, of section instead of 30. 
I Taking the average loss of material in ordinary boiler single 
I riveting at 40 per cent., and the total loss of strength in the 
joint as 54 per cent., as above found, we should have therefore 
14 per cent, as the amount considered sufficient for the injury 
caused by punching and the bad form of joint. This is too 
little, and Hhould in no case be taken at less than 20 per cent., 
even when the plate suffers no injury by punching, riveting, 
<fec. But taking the loss at 24 per cent., according to Fair- - 
bairn, the figures should stand as follows : 100, 68, and 36, J 
instead of 100, 68, and 46. 

These will give correctly the comparative strengths when • 
the plates and riveted joints are broken in strips a few inches 
wide, as in the experiments quoted. But in a boiler very j 
different conditions of resistance are found. Suppose a boihnr 
shell to be made of circular belts of plate overlapping trans- ^ 
versely, but without longitudinal joints or other source of, 
weakness, it would then be in a condition to resist a much 
greater tension than the normal breaking weight of the mate- 
rial, in consequence of the support lent by the double thicknesi 
at the ring seams. That additional resistance is given to iho< 
plates by the transverse joints in a properly made cylindrical 
boiler, is evidenced by the manner in which many sheUi j 
at work hold together when the whole section of a plate is entj 
away for a 3-foot dome hole except a strip at each end, 
barely sufficient for the dome angle-iron attachment and ringf^ 
seams. In such a case, and others of a similar nature, tlM;^ 
holding together of the plate is mainly dependentupon the strength 
imparted by the ring seams. When the longitudinal seams break f 
joint effectually, the ring seams also strongly resist the bucklinj ; 
action of the plates under strain, which we have seen, at page 69| j 
to be such an element of weakness in single riveting. It is obvioi 
this resistance must depend greatly upon the width of plates, 
increases as the distance between the ring seams is diminisheiL' 
Moreover, the circumstance alone of the longitudinal seal 
breaking joint, analogous to the bond in masonry, has an im 
portant influence in strengthening the shell. It is more than 
prohnble therefore that in a boiler where the longitudinal sean 
break Join t e^ectually and are double t\v^\.^^, >i>aft %\»t«ii^\3(i c^ U 
shell is even greater than that miiaauxfeA. \>^ ^^ ^QCD£aa:^Mak 
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Rection left between the rivet holes. The resistance of this 
section may therefore be taken as the breaking strength of the 
boiler, or as a rule, 30 per cent, less than the entire strength of 
the plate for double riveting. 

In a similar boiler single riveted, we may safely neglect the 
loss of strength due to the buckling action of the pLiten un(ier 
steam, and regard the shell as being stronger than a detached 
narrow test strip of the jointed plates by an amount equaX to 
20 per cent, of the strength of the entire plate. ^ 

Taking the loss of material for single riveting at 44 per oent, s 
the relative values will stand : 

Eutire plate . . • .100 

Double-riveted joint . . . 70 

Single 99 ,9 • • 56 

These proportions of strength are usually employed, and were 
originally deduced by 8ir W. Fairbairu from hi-^ exporiineuts. 
But in shells where the longitudinal seams run in a coutinuous 
line from end to end, we cannot count upon any gain of strength 
from the transverse joints. There is, however, probably a 
slight gain of strength in the long string of rivets as compare<l 
with a narrow test specimen, and such a shell single riveted 
may be regarded as haviug 40 per cent, of the strength of the 
plate. 

Taking 21 tonn per square inch as our standard strength for 
jdates along the fibre, the above proportions become 142 tons, 
sod 11|^ tons per square inch respectively, as the breaking 
lirength of double and single riveted boilers having the longi- 
tudinal seams breaking joint in the proper sense of the term, 
aud not by the amount of a rivet or two apart as in fig. 9. The 
table of strengths of wrought iron cylindrical boilers is calculated 
from the above figures. The strength of the plates across the 
fibre should be taken at from 10 to 15 per cent, less than 
the above. When the margin of safety is required to be small 
lud plates are used of an ascertained strength of 25 tons per 
iquare inch, the strength can readily be found by adding 20 per 
tont to that in the table. .... 

In some experimei»ts conducted at Woolwich in 1835 on 

different kinds of joints, the following results were obtained : for , 

i"» tV'> *"^^ ^ ' plates, the breaking strengths were Tfts^ft^\lv?fcVj '^. 

ihout 16, IT, and 18 toua for single riveted lap ^oivit^, »»^ ^cyt ^ 

ifoabJe riveted about 24, 24 and 22 tons actvxai \>xft^\.\^^ 
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weight and not per square inch, showing that the thinnest 
was actually stronger at the joint than the thicker plates. 

Fig. 9. 




inferior strength of ^" and y^" plates was probably due t 
more oblique action of the strain on the joint But for wa 
detailed information, the results recorded cannot be consii 
as suitable for deducing any general rule for the streng 
plates of diflferent thicknesses. Many have erroneously 
eluded from the results of these experiments that a | 
plate boiler is as strong as a boiler made of ^-inch plates, 
the first place, there would be found a great difference i 
strength of a ^"-plate afi a test strip and as built up in a b 
for reasons already stated, the workmanship being equal in 
cases. This difference would not be so great with a |"-platc 
. the secoud place, the plate is by no means most likely t< 
first through the line of rivet holes when in use. Comp 
I "plates with ^" plates, and assuming the boiler to be unf 
working at the original pressure when reduced to i" thick 
latter plates will last twice as long as the former. , 

In seeking to determine the correct diameter and pit 

rivet«, and also the proper amount of lap for different 1 

iiesses of plate, there are several conflicting circumstanc 

consider. In the first place, having due regard for the eco; 

of material it ia important in fixing TLpout^i^ ^\&\xi^\A\ «3i^ 

of rivets for a given thickness of plaie^ lAi«A. ^iXi^ '^viJw 
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rireta tkoold Iwof eqnslstreD^h, for in nuking the rivets to fail 
b«lbre the plates, we should he iraating the ezceas of materiftl 
to which is dua the additional strength of the pkte ot be 
mikiag the joint too weak. On the other hand, to make the 
rivets the stronger, would be to make the jaint too weak by 
Teilaciug the strength of the plate too much, or' to waste the 
material in making the rivets too strong. 

In the second place, the joint must be tight as well an coi> 
recti; proportioned for strength. It will be seen that the 
ittaiument of the greatest strength with the least material is 

^ TMtricted by the necessity for tightness, aud also by other 

'- minor but important circumstances. 

li First of all it must be ascertained in which manner the weak- 

'l ntn ef the joint may be declared. Here we fiud that the joint 

* msyftuL in fonr or five different ways, namely : 

\ Ist By the plate in front of the rivet crushing (fig. 10). 

I 2ad. Bf^e rivet shearing. I 

I 3td. BJ^'the pUte tearing between the rivet holes. 

] Pig. 10. Fig. II. 





4Ul B^ the plate outside the hole breaking through (fig. II). 
&th 3y the plate l>eing forced out in frout of the rivet 
(fij 13). *»■ 

Ilat The resistance of the plate rouod the semi-circumference 
of the rivet can be proved to be measured by the diamettr 
<f the rivet x the thickness of plate k crushiog strength of 
fbtt. From the lesalta of some experiment on. \.\ift cTM%\ivMf, 
tHeagUt oTtbe bearing Mnrfaee of iron links agaitk^t \Xie '^wi, 

1. t 
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reMstaoce of the plate against a rivet is equal to 4 
per square inch, whence we have : 

resistance of plate to crushing = d x t x 40. 



d = diameter of rivet, t = thickness of plate. 

2nd. The ultimate strength of the rivet to resist si 
has already been dipcussed, and may be taken at 21 tc 
square inch, therefore 

resistance to single shearing = '7854 x c^X 21. 

Comparing Kos. 1 and 2, when the resistance of the riv 
plate are equal, we have 



d X t X 



Fig. 12. 



40 = -7854 X d« X 21 
d = 2-4*, 

/ whence the diameter of the rivet 
j be nearly 2i times the thicki 
I the plate. The common rule oi 
in g the diameter of the rivet 
the thickness of plate up to -^. 
is approximately correct, and 
a margin of strength for injur 
to the plate in punching and dri 
3rd. The strength of the 
between the rivet holes in boiler 
it has already been shown n 
taken at 21 tons per square 
whence 



resistance of plate to tearing =^ t (p — d) 21. 
where p — pitch of rivets ; 

comparing this with No. 2, we get for the equality of si 
in rivets and plates between holes, 

•7854 d^ X 21 = « 0? - d) 21. 

fiom which equation we can find the pitch, when the di 
of rivets and tbickneB8 of plate are giveu. Substituting a 
of rivet for 'T864 d^ we have for asmgle ivvft\.«iOL\«»'^ \ot 
siu^Je £8hed butt joint. 
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p = 1. + d. (4) 



o> 



For lap joints and single fished joints with double riveting, 
we have the sectional area of two rivets instead of one, as in 
the last case, 

hence, 2 a = t (j) — d) 

and p = — + d. (5.) 

In a butt joint double fished and single riveted, where the 
rivets require to be sheared in two places before yielding we get 

2 a = t{p — d), or the same as in the last case, 

and p = — + a. (o.) 

t ^ 

In a double fished butt joint with double riveting the equa- 
tion becomes 

« 

4 a = < (p — cQ 
i, =1? + rf. (6.) 

In the above formulae, d should rather be taken as the 
mean size of the hole than as the size of rivet, or as a rule 
■^^ inch larger than the rivets up to |^ inch diameter. 

When the diameter of rivet is double the thickness of 
plate, the pitch becomes equal to 2*57 d, 4*14 d, and 7*28 d 
respectively for formulae (4), (5), and (6). 

In thick plates -having rivets less in diameter than twice the 
thickness of plate, the pitch will be less in proportion. Taking 
r as the ratio of diameter to thickness, the above quantities 

T 

most be multiplied by -^ for the pitch. 

4. We may regard the distance between the hole and edge 
of the plate as the depth h, of a girder fixed at both ends, and 
naiformly loaded, the span being measured by the diameter of 
ri?et, hence 

tbestreDgth to resist fracture =: -, — *. >^» 

d 
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C is a coefficient, the value of which has not yet I: 
determined. Since the nature of both the strain and the 
sistance differs greatly from that of ordinary girders, it is 
dent that we cannot consider the ordinary coefficient as e 
approximate. But as the coefficient is not likely to be 
than the above, we may use it for the purpose of illustra 
We then have, 

transverse strength of plate = 48 . 

Comparing this with No. 2, we have, 

t X h^ 

•7854 X (i2 X 21 = —J— X 48, 
when d = 2 < we get A = d x '81. 

Assuming this to be approximately correct, it follows that 
ordinary practice of making the distance between the hole 
edge of plate equal to diameter of rivet gives sufficient strei 
to prevent the plate from breaking by a transverse strain, 
greater the ratio of diameter to thickness, the less will be 
proportion of lap required for adequate strength. 

5. The resistance of the plate to being forced out in fron 
the rivet will be equal to the shearing strength of the p 
multiplied by the area sheared, and may be expressed by 

(3 c?v 
-^ X t X 21, 

when the distance between the hole and edge of plate = d. 
On comparison, the resistance of the joint to yield in 
manner will be found much greater than the resistance to an; 
the other modes of fracture we have considered, consequei 
such a fracture as shown in fig. 12, is seldom, if ever, met w 
f The fractures most frequently found in boiler work are th 
( from the hole to edge of plate. They are in most cases 
result of careless workmanship and brittleness of plates, exc 
when they occur in the seams over the fire, when they 
mainfy produced by the contraction strain acting at ri< 
Angles, and by the girder strain thrown, on. t\Lft ^\aX.ft \i«tw< 
^o hole And edge hy the permaueut contx8A\io\i ^\x!i^ \.^ 
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alternate heatiog and cooling. A large lap is more liable to 
fractare in this manner than a small one, and a thick plate 
than a thin one, in positions where sudden variations of tempe- 
rature occur. In a line of riveted work a few holes may 
become fractured, or a few rivets crushed, by having to bear an 
undue amount of the strain, which is unequally distributed 
along the whole line of rivets in consequence of careless work- 
manship. 

When the plate once yields by fracturing or crushing, it is 
evident that the strain will no longer be at all equally distri- 
buted along the length of plate between rivet holes, but 
becomes concentrated upon the fibres of the plate at each side 
of the rivet. The plate may then be torn in two by a force 
much below its breaking weight with the strain equally dis- 
tributed. 

The principles embodied in the above rules, based on deduc- 
tions correctly made from experiments, must be accepted with 
some caution. In most of the experiments the plates wore 
thin, of very good iron, and probably ha d not s uffered much by 
rou^^^eatmeut, which is, however, not the fate of the majority 
ot boiler^ platesV Maiiy a new boiler is set to work with the 
rivet holes fractured to edge of plate, or from hole to hole, by 
punching and drifting. Moreover, it is the practice to use a 
better quality of iron for the rivet than for the plate in the 
great majority of boilers. This lessens the chance of injury by 
hammering and heating, besides giving a greater tensile and 
shearing strength. 

It may be taken as a rule that, in any but the best class of 
boiler work, the rivet is stronger than the plate section for 
section in new boilers. In old boilers the plates at the joints 
are generally found to be much more brittle than the rivets, 
and the rivets, except at the heads, will escape corrosion where 
the plate may suffer severely. These considerations indicate 
that a larger pitch than the one assigned by the rule given 
should be used. It must also not be forgotten that the hole is 
larger than the enclosed rivet, the diameter of which is usuallyx 
tnkeu in estimating the pitch. It may here be also remarked 
that in increasing the diameter of rivet, the pitch must be 
increased in a greater proportion, in order to keep the section 
of rivet and plate equal, for the shearing strength of a rivet . 
varies as its sectional ari^&nd therefore as \\ie ^o^^x^ o1 "Oc^ft \ 
dUmeter, whilat the section of the plate Temove^ -^axv^^ «v\x!L^i 
4t tbtf dUmettfr. It follows from thia t\iat, t\io \axs^^ ^^ ^^ 
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the rivets, the better are we able to retain the gross sectional 
; area of our plates. 

The advantage to be gained by increasing the diameter of 
rivet is limited by the expediency of not exceeding the crushing 
8Creiigth of the plate in front of the rivet, which varies simply 
as the diameter of the rivet. It has already been shown that 
the plate will fail by crushing before the rivet shears when the 
diameter is 2| times the thickness of plate. It may also be 
obstiTved, that by increasing the pitch we rapidly diminish the 
breakiijg strength of the plate between holes, as the increased 
width allows the plate to stretch more, and concentrates the 
strain on the fibres at each side of the hole. This fact applies 
most strongly to the case of double-fished butt joints, where the 
large pitch is necessary to bring the strength of the plate up to 
that of the rivets which are in double shear. It also probably 
accounts for the diminished strength found in experiments with 
riveted joints, where large rivets have been used with a very 
large pitch to ascertain the crushing strength of the plates. 
Such tests cannot be taken as a guide for the strength of joints 
in ordinary boiler work. 

There are, however, other considerations besides the economy 
of material that should govern the proper pitch of rivet^. A 
tight joint is of the first importance, for should leakage occur 
corrosion may soon alter any carefully calculated proportions of 
^he respective sections in the joint. Indeed, it may be affirmed 
that in the majority of cases the safety of a boiler depends, in 
the long run, more upon the tightness than the actual strength 
! of the joints, since a large factor of safety is usually allowed. 

No one set of rules can be laid down for the pitch of rivets 
which shall be the best under all circumstances of pressure, 
quality of material, liability to corrosion, <fec. The following 
table gives a result which agrees pretty closely with the average 
practice for single riveting in high pressure boilers (up to 
160 lbs) if we take the proportions of diameter of rivet and 
thickness of plate that are given. The diameter of rivet is taken 
as the average diameter of the hole, and not the nett size of the 
rivet shank. 
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Single-riveted lap joints. 
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In the above table it will be seen that with thin plates the 

diameter of rivet is double the thickness of plate, and this ratio 

diminishes lis the plates increase in thickness nntil with 1-inch 

plates the diameter and thickness are nearly equal. One reason 

for this is that the difficulty of making a good joint increases 

with the diameter of rivet where the poiut is not closed by an 

^dent machine. "With 1-inch and 1^-inch rivets heaty 

hammers are required to upset the iron and close the hole 

properly. This at once increased the difficulty of " holding up" 

and of making a good job. The difficulty of setting by drawing 

or hammering the plates quite close together to make a tight 

joint also increases rapidly in plates over ^-inch thick, and 

altogether the quality of the work is not so reliable when very 

thick plates are used. Another reason for diminishing the ratio 

which the diameter of rivet bears to the thickness of plate is that 

with a constant ratio we soon reach too large a pitch to admit of 

keeping a tight joint, if we wish to retain anything like equality 

between section of plate and rivet. 

With 1-inch plates, in order to retain 60 per cent, of the 
Motion of the plate whilst making the plates and rivets at the 
joint equ.ll in strength we should require 2-iuch rivets at 
5^ inches pitch. 

I Such a rivet is considered too large for closing up properly, 
I QDless with the aid of a very powerful nvachme, Wi^ ^\ <i»w\xvfK 
I Mm too wide to keep tight at even modex&le -yt^wax^te^ V-NiCa 
f crdioMtjr workmanabip. Rivets of more than 1\ *mc\i ^\»Mi«^' 
Mn seldom if ever employed in boUer work. 
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The third column in the, table gives the pitch required for 
equal section of rivets and plate between holes. The fourth 
column gives the pitch required in order to retain 60 per cent, 
of plate at the joint. Ou comparing these two columns it will 
be seen that in plates from i inch to \^ iuch. thick there is no 
great difference between the two pitches. With the thicker 
plates the difference is important. The pitch for 1-inch plates 
in column 3 only retains 53 per cent, of the plate section, but if 
we employed column 4 the wide pitch would leave the rivets 
with only 36 per cent, of the strength of the entire plate, or 
about 60 per cent, of the plate between holes. Column 3 would 
therefore give a stronger joint than the other. 

The average size of the punched hole in the plate being 
usually somewhat larger than the size assigned to it, and the risk 
of injury from punching being greater in thick than in thin 
plates, and also to allow for corrosion or waste at the lap, 
column 5 is given to work to, giving the section of the plate 
slightly in excess of that in column 3, and retaining about 60 
per cent, of the section in plates from i inch to \^ inch thick ; 
55 per cent, for plates from ^ inch to ^ iuch ; and 58 {(er cent, 
for -^|-iuch aud 1-inch plates. 

Where the workmanship is not reliable it will be advisable to 
reduce the pitch slightly, or to increaso the diameter of rivet in 
plates under f inch thick. 

The lap for single riveting should be equal to 3 times the 
diameter of rivet, and never more than 3*3 times the diameter. 

Douhle-rioeted lap joints and butt jointa with singU strips. 
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The pitch ^ven is along one line of rivets. The strips should 
be slightly thicker than the plate, ^g^ inch for moderately thick 
plates, and ^ inch for very thick plates. Column 4 gives the A 
pitch, along one line of rivets, required to retain 70 per cent, of/ 
plate between holes. Wibh 1-inch plates this would make the 
strength of the rivets only about 53 per cent, of that of the 
pierced plate. In order to obtain equal strength in plate and 
rivet at the joint we should require for 1-inch plates Ij-inch 
rivets at 5|^ inch pitch. The difficulty is therefore obvious of 
obtaining a well-proportioned joint when using thick plates, 
with either single or double-riveted lap joints, at the same time 
retaining a good section of plate, and ensuring tightness. In 
using thick plates the best course to follow in arranging the 
joint is to fix upon the widest pitch consistent with tightness, 
employing the largest rivets admissible, and then determine the 

I strength of the shell from the section of rivets or plate left 
between holes, whichever may be the weaker. In plates up to 
jg thick it is evi<ient that 70 per cent, of section can be main- 
tained with a well-proportionei joi it and moderate pitch. For 
plates under ^ inch there is an excess of strength in the rivets 
when using the pitch given. The diameter of rivets might 
therefore with advantage be slightly reduced, to make a tighter 
joint, for high pressures. When the boiler is double riveted 
throughout, ^-inch rivets for f-inch .and y^g^-inch plates, with 
2^ inch pitch, might be used. It is, however, inexpedient to 
have different sized holes for single and double riveting in the 
same plate or boiler ; and as it frequently happens that the 
longitudinal seams of a boiler are double riveted, whilst the 
transverse seams are only single riveted, the same sized rivets 
have been used in makiug the above tables. 

The greatest difficulty in makiug a well-proportioned joiut 
with the same sized rivets occurs when butt joints with double 
■trips and lap joints come together in the same plate. Iq such 
a case we must either sacri&ce ihe advantage of having the same 
sized hole throughout the plate, or have a badly proportioned 
joint in one seam or the other. On this account, when double- 
finhed butt joints are used in the same plate with lap joints, 
the former may be made single and the latter double riveted ; 
in which case the same pitch and diameter of rivet might be 
I jadiciously employed, wore it not for the difficulty of keep- 
I ing a tight joiut in the butt arrangement, "w^iit^ tv^<^^\\aX«^ 
i the nductiou of the pitch, unless the woT\Lixi«&^'^ S& ^«t^ 
f good 
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The doubls'riveted lap stiould be equal to 5 timeB tba 
diameter of rivet, each line of rlTeta being Jd honk the edga of 
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In double iiTeted butt joints with double covering strips, il 
will be seen from the anneii:d table, on comparing columna 
4, 5, and 6, that we cannot avail onrwlvesof the fuU strength of 
the double riveting when the rivets ara in double shear, and 
must be content wiih 75 and 70 per cent, of section of the 
eutire plate with thin and thick pUtes respectivKly. Smaller 
rivets than ^' should not be employed, unless thej are made 
'Kith much larger heads than ia the custom, in order to wiUi- 
■taiid the eifecta of corrosion. On account of the diffionlty of 
obtaining sufficientlj alroug punches smaller rivets than thoxe 
given for the thick plates cannot be reoommeuded. Where 
the holes are drilled this objection does not apply, and a 
ditfereiit table ma; be arranged, commencing with j' plates 
an tbey stand and ending with, l" plates having §" rivets at 
31" pitch. 

Besides the loss of strength due to the unequal distributiou 
of Che strain through the whole thickness of the plates in a lap 
j'lint, very thick plates are alao liable to be much reduced in 
strength ijirough the bod; of the plate by injury done in the 
excoa^vii amount of setting they require where the transverse , 
aai/ loagitadinal seams cross each oiher. "ifx *^ua laaamk^ «i«iD» ' 
butt joints flioiiid always be used at \auAtcn \V«Vti^\.'4dsB9&. 
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s with plates over f " thick. The width of the strip for 
le rivetiDg should be at least 9 times the diameter of rivet, 
may, with thick plates, be made equal to 10 times the 
eter, the distance from the centre of the holes to edge of 
s and strips in all cases being equal to diameter of rivet 
Iplied by |^. 



CHAPTER V. 

WELDING. 

The numerous purposes to which wrought iron is applied 
could not be effected without its valuable property of welding. 
It is of the utmost importance that the effect of this process 
V on the stieugth of the material should be properly understood, 
since theie are more structures depending on the soundness of 
the weld than on the strength of the rolled or forged bar or 
plate. 

Mr. Kirkaldy made some experiments on the breaking 
strength of weLied bars. The results varied greatly, showing 
a loss of from 2*6 to 43 '8 per cent., the mean loss being 20*8 
per cent., compared with the solid bar, the fracture taking 
place in most instances partly through the solid bar and partly 
through the weld. The loss of strength in four "Famley" 
1-inch square bars varied from 6 tons to 9^ tons, the original 
strength averaging 28 tons per square inch. With 1 4 ** Glasgow- 
Best Best '' bars, varying from 1 J inch to f inch square, the 
lu^s of strength varied from | tons to 11 touF, per square 
inch, the average loss being 8 tons. The oiiginal strength was, 
on an average, about 25^ tons per square inch. 

Mr. Kirkaldy found that in heating a bar of Glasgow B. 
Best iron to the welding point, and then allowing it to cool 
slowly, that the breaking strain was nearly the same as that 
borne by another piece off the same bar in the ordinary con- 
'dition ; but the ductility of the iron was injured by the high 
temperature and want of hammering. 

Several experiments to determine the strength of welded 
plates have been made, and have given satisfactory results. Of 
these may be mentioned the trials at Woolwich on the strength 
of plates welded by the Bertram process, recorded by Mr. D. 
K. Clark. 
The jointB were of two descriptiona, T\axxi»\7, VJIdl^ %<2Ajc\ -^^Sy^. 
si/d the lap weld. The teufiile atxeng^'^ i««a Ioxobl^ \a\i^ 
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20 tons per square inch for the Bolid plates, -^. -j7^, and f inch 
:.hick. Taking the strength of the entire plate at LOO, that ()f 
the scarf weld for the -^^ and -f plates was respectively 106 
and 102. The J-inch weld proved faulty. The results from 
the lap weld, as inight be expected from the jauequal distri- 
bution of the strain at the joint, were not satisfactory, being 
respectively 50, 69 and 66. This makes the absolute strength 
of the two lap welded joints alike for ^- and S-inch plates, the 
^-iuch plate having only \ of the strength of the entire 
plate, whilst the § plate has } the strength, which may be 
accounted for by the more unequal distribution of the strain 
with the thicker plate. The meagre information respecting 
the fractures, and the fewness of the tests with each variety of 
weld and thickness of plate detracts very much from the value 
of these experiments as a standard for general use. 

Mr. Kirtley, in a paper read before *' The Institute of Me- 
chanical Engineers," records the results of some experiments on 
the tensile strength of strips of plate cut across the weld, 
which were taken from several boilers made with weld til 
longitudinal seams. The strips were in three sets, 7^ inches 
long, the weld being in the midcile of each piece. The follow- 
ing table gives the results of the tests ; the plates were 
y^ inch thick : — 

Strength of welded plates. 
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It appears from these results that half of t\ift ^.'i^.^i ^\^^^^ 
hro^e in the solid, and not at the weld. 
lite average loss of strength of the 2S YreVOi^ ^\«X^ ^^ 
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only 12'T per cent., compared with the strength of the 11 
unwelded plates, the worst pieces showing as defective a weld 
as would occur in practice had 70 per cent, of the average 
strength of the unwelded plates. 

The weld is best made when the edges of the plates are 
upset, at a red heat, by hammering or pressure, to nearly 
double their thickness, and bevelled to an angle of about 45°. 
The edges can then be heated 8imultaueou>ly, and the weld 
made by hammering down the joint to the original thickness 
of the plate. 



i 



CHAPTER VI. 

CONSTRUCTION OF BOILERS. 

SmcE the platesi are stronger lengthways than crossways, 
they are generally arranged iu a cylindrical boiler shell, with 
the fibre running circumferentially, iu which direction they are 
best disposed to resist the greatest strain due to the internal 
pressore. But owing to the greatest strain in externally fired 
boilers being along the bottom in a longitudinal direction from 
the sudden contraction caused by a rush of cold air, or by the 
delivery of cold feed water on to the bottom plates, some engineers 
prefer to arrange the plates with the fibre running lengthways 
along the boiler. By this arrangement the bottom plates are 
also more easily replaced, a circumstance of some importance 
with hard-worked externally-fired boilers, in which the furnace . 
plates require frequent renewaL In order to avoid the great 
inconvenience and sometimes danger from the constant frac- 
turing of rivet holes, especially in the transverse seams over 
the fire, it is best to make the furnace plates of externally fired 
boilers sufficiently long to keep the firsl ring seam away from 
the influence of the entering cold air, and at the same time to 
Set the boiler so that the end seams do not become intensely 
heated. This arrangement necessitates the use of a very large 
furnace plate, since the width must be sufficient to keep the 
longitudinal seams also out of reach of the fire and entering 
cold air, which have a much less effect on the single than on the 
double thickness of plate that occurs at the lap joints. 

In short boilers, such as many of the useful little vertical 
class, the plates are most easily arranged in one length, with 
their fibre in the direction of the height of the boiler, thus 
saving the work iu one ring seam. In all such cases where the 
plates are arranged lengthways along the cylmOLet^ \\.\&%<^NS&'dX\<i^ 
to aUow a greater margin of safety than vrYiexi \lti^ ^^\.^^ ^^^ 
uTADged leugtbwayB round the cylinder. 
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Wherever a ring seam occurs the longitudinal seams should 
be made to break joint, for the sake of ob aining the increased 
strength due to this arrangement. This necessitates the thinning 
away of the inside plate corners where the overlap occurs. In 
order to avoid the labour that this involves, which is considerable 
when thick plates are used, the plates are very often arrangwl 
to break joint by one or two rivets only, as shown in fig. 9, 
page 74*. This arrangement is but little stronger than having 
the seams in one line, from end to end, and should never be used. 
It however saves the hammering that thick plates with lap 
joints have to undergo to make them fit at the ring seams, 
where the longitudinal seams break joint, which must in many 
cases damage the iron considerably, and to livoidthis, as well as 
the unequal distribution of strain involved by the use of the 
lap, the longitudinal joints at least should be made with double 
butt strips, in using thick plates. 

The courses or belts of plates that make up the length are 
usually arranged conically in stationary boilers, with the out- 
side lap facing backwards. When the boiler is set slightly in- 
clined towards the front end, this arrangement of the plates 
facilitates the draining of the water and sweeping out at the 
boiler bottom towards the front, where the dirt is usuaUy 
removed. This advantage is greatest in internally fired 
boilers, which are difficult to clean. In externally fired boilers 
this arrangement of the ring seams saves the edges of the 
plate from the direct impingement of the flame, which takes 
place when the outside laps face the front. It is, however, 
more liable to interfere with the free contraction of the shell 
on the brickwork, which acts from front to back, and which is 
of more importance than freedom of expansion, the former 
being more sudden than the latter. 
' In long vertical boilers it is customary to arrange the ring 
/ seams with the inside lap facing downwards, so as not to leave 
: a projection for the incrustation to lodge upon. With the 
^ same object in view, some engineers also insist upon the longitd^ 
,. diual seams at the sides of locomotive boiler shells being 
I arranged with the edges of the top plates inside, as they con- 
1 sider the liability to groove is increased when the edge of the 
\ inside plates face upwards, to form a ledge for the incrustation 
to accumulate upon. 
lu locomotive boilers the belts of pla,t\.\i% are nearly always 
/ arranged parallel, and of late it "has \>v-coixi^ X)[ift ^T^^iMvsfe -w^ 
/ many niakera to arrange tliem. t«\eaco^\ca^V^ -snXXi \>afc "Sas^^ 
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diameter at the firebox end, to which the sludge is drained I 
for removal at the mudholes. This arrangement also allows 
room for a slightly wider firebox ; it also facilitates the arranging 
of the tubes, and, in many cases, tends to prolong the life of 
the firebox. 

Of late years it has become the practice with the best makers 
to use larger plates in the shell than formerly. In stationary 
boilers the size is usually limited by the weight the manufac- 
turers supply the plat«s at, without extra charge, which, as a 
rule, is 4 cwt. for plates of good Staffordshire quality. The 
greatest width, without extra charge, is usually about 4 feet, 
and the length is arranged to keep the weight of the plate 
within 4 cwt. ; but many engineers wisely prefer to incur the 
extra cost of using larger plates, and so reduce the number 
of seams and consequent risk of leaky joints and rivets as % 
well as of grooving. Locomotive boiler barrels are frequently \ 
made with plates long Enough to necessitate only one longitu- 
dinal seam in each belt of plates, which should be placed above 
the water level, where it is not liable to groove. In some 
cases the longitudinal seams are welded, and the ring seams 
made with outside covering strips. In order to still further 
inerease the strength of the boiler where there are no external 
floes, strong wrought-iron rings are shrunk on at mid-length of 
each belting. To compensate for the strength lost by cutting 
out the rivet holes, plates with thickened edges are sometimes 
used for locomotive boiler barrels. As the thick edges are in 
the direction of the length of the plate, they can, unfortunately, 
only be used for the ring seams where the additional strength 
is least required in well-designed locomotive boilers. 

The strength of the cylinder and sphere has already been 
examined, and the resistance of flat and cambered surfaces 
partially discussed. In boilers of even moderate diameter, and 
under ordinary pressures, the flat ends of ordinary thickness 
are so weak, if unstayed, that the bulging out would be ex- 
oessive, and would consequently tend to act with a considerable 
leverage, and wrench off the rivet heads securing the plate to 
the barrel, if attache! in the ordinary manner by angle irons. 
The alternate bulging and straightening of the plate produced 
by the varying pressure in the boiler would also tend to pro- 
duce fracture through the line of rivet holes, or work open the 
fibres of the iron along the Hue where this action \a tcwo^^ \^\\.^ 
Mnd which iff generally along the inside edge of t\ie aiu^e^ ycow^ 
T Mi the angle iron root, producing leakage, g,tooVm%, ^^^ 
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these riogB are more tlian 3" wide, and of equal depth, they 
should he douhle riveted, to prevent leakuge and grooving, if 
they have to carry a great load. There are more than half-a- 
dozen other methods, but which do not call for remark. 

We shall now consider the various means used to strengthen 
flat and cambered surfaces, such as screwed and riveted bolts, 
Btiffening ribs, girder stays, gussets, <bc. 

The difference in btrength between screwed and unscrewed 
bolts, according to Mr. Kirkaldy, is influenced by the manner 
in which the dies act upon the iron. Old dies have a harden- 
iog effect, which raises the breaking strength at the expense of 
the stretching, when compared with new dies or chasing tools, 
which cut cleaner. The average tensile strength of a screwed 
iMtr, l" and above in diameter, may be taken at 20 tons per 
iquare inch of the unscrewed section. It has been frequently 
a«$umed that bolts of small diameter — f or ^", are superior 
In strength, section for section, to those of 1^" and above ; 
but recent experiments do not bear out this assumption — at 
least, not to the extent asserted, some 50 per cent. 

In order to preserve the original strength of a tie bar, as 
well as to facilitate the operation of screwing it into the plates, 
it is customary to increase the diameter of the screwed por- 
tions. This also acts advantageously in allowing the bar to 
Itretch when strained severely. A bar of ordinary quality 
and of tmiform section throughout is found, under tension, to 
itntch considerably before breaking. The degree and regu- 
larity of the stretching depends principally upon the quality 
of the material. If, however, the section of the bar be 
diminished in one or more places, the effect of the strain and 
consequently the stretching is confined to these weaker por- 
tions, so that a bar with a narrow groove, like the thread of a 
Krew, cut in it, scarcely stretches at all before breaking. It 
IB for this reason that screwed tie rods, without swelled ends, are 
Bometimes found to snap suddenly under severe strain, usually at 
the end of the screwed portion to which the stretching is 
confined. When the ends are thickened for screwing, so that 
the diameter at the bottom of the thread exceeds that of the 
rest of the bar, the stretching is no longer confined to one part, 
sod the bar is better able to bear a sudden strain. 
The practice of turning the thread off the middle portion 
I of locomotive &rehox stays, or of swelling t\i.© d\a.\ri^\.«t <A 
fMe screvred ends, is sometimes adopted to T©A\d<iT \;>[v^ ^\»«»3^ 
fexible, and consef^uently better able to \i«ax ^'\\»>ao>aX» 
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injury the awkward traDsverae strains thrown upon them bj 
the greater expansion of the inside firebox compared with 
that of the outsirie shell, which, in course of time, renders 
the iron Btays in the upper parts of the box exceedingly 
brittle and liable to snap. Another advantage claimed for - 
this plan of turning off the thread is that the even surface 
of au iron stay withstands the corrosive action of the water 
better than when it is screwed. For durability the stays of 
locomotive fireboxes are better made of copper, especially 
those that are in contact with the mass of incandescent fuel 
With firebox plates not more than -~^" thick, the thinnest part 
of the stay, or the diameter at the bottom of the thread, 
should not be less than ^' when copper stays are used, or 
e'se they are liable to bend in hammering down the ends. ' 
This applies to stays even as short as 3" between plates. 
With stiffer stays of iron the smallest diameter may be ^^. 
On the other hand it is not advisable to make these iron stays 
larger than 1-g^" outside diameter, with -^^ plates, as the extra 
amount of hammering involved in knocking down the ends of ' 
thicker bolts, with ordinary care, is liable to spoil the threads. 

In using water containing certain salts, the use of copper i 
stays is sometimes accompanied by a rapid corrosion, which 
appears like countersinking of the inside of the iron plate round 
the bolts. This is usually ascribed to galvanic action. The headt 
of copper stay bolts should, in consequence, be made larger than is 
the usual practice, as, too often, little or no thread is left to 
depend upon. 

For plates less than j- inch thick, the number of threads on 
the bolts' stay should not exceed 11 or 12 to the inch, in order 
to get a good hold when screwed into the plate. When the 
stay is not screwed into the plate it is usual to secure the ends 
with nuts and washers, which should be applied to both sides 
of the plate, to insure tightness or freedom from leakage. 
The thickness of the nut is usually made equal to the diameter 
of the screw. This allows a margin of strength to compensato' 
for badly formed and loose threads. It has been found that 
where the thickness of the nut and diameter of the screw ars 
as f to 1, threads of ordinary pitch, if well made, and a good 
fit, will not strip before the bolt breaks. 

Besides being screwed into the plate and having the end 
riveted over^ or passed through the plate and secured by nu 
And washers, longitudinal and other aV^y Aoai^, '«\l\Oel \s«^ 
either aquare or rovLnd, can be secured, to ^«X ^»toa Vj \w 



CONSTRUCTION OF BOILERS. 95 

ins, bolts, or cotters passing through angle irons or T irons, 
zh impart stiffue8.«i to the plate they are riveted to. The 
;tioe of securing them by cotters and saddle plates i^ not bo 
mon as it was a few years ago. When pins or bolts are 
1 they should always be arranged for double shear, either 
forming double eyes upon the ends of the stay which 

the f iron, or by forming a single eye on the stay and 
;iDg it between two angle irons through which the pin 
ses. 

n proportioning the sizes of the stay bar and its bolt so that 
f may be of equal ultimate breaking strength, the diameter 
he bolts will usually be too small to afford sufficient bearing 
face in the angle or T iron, which, except in locomotive 
lers, seldom exceed |" in thickness, and soon fail by crippling 
Qiulging. In order to increa^ the bearing surface on the 
;le iron and at the same time to impart additional stiffiiens 
the structure, ^" or I" plates about 6" wide are frequently 
)ted to these end angle irons in stationary boilers. Instead of 
ig a very large sini;le bolt to ensure sufficient bearing sur- 
?, it is better to forge a good deep T end upon the stay bar, 
ich can be secured to the angle irons between which it is 
Bed by three or four bolts of moderate diameter. 
k defect often met with in staying the ends of boilers is the 
iaaon of cotters through the pins when double eyes an<i 
^\e T irons are used. This omission allows the double eye 
open out under strain, when it acts upon its pin with cou- 
erable leverage and bends it. These pins are sometimes 
tod bent to an angle of 90° and totally inoperative. When 
t stay is secured by cotters and saddle irons care should be 
jeaa. to make ihe cotter of sufficient depth, since it is usually 

its bending that this system fails. The hole through the 
Idle plate should not be cut larger than is absolutely ueces- 
J to let the stay pass, which is usually square. 
When the flat surface is of small area and the pressure is not 
Mt, stays or tie bolts are sometimes dispensed with, and stiff- 
it is imparted by simply riveting angle or T irons to the flat ■ 
ktes. These are disposed radially or in which ever manner 
sy can best be applied to take the strain, according to circum- 
inoes. This mode of strengthening the ends of cylindrical 
ilns is very inefficient, and is unfortunately but too often 
iployed. Numerous cases have occurred where it \i.«A \>^vsi\ 
^mmroe ofmuab annoyance and loss. It is uaed c\\\^^^ V^ 
to a»re expense, or by those who have ex^^xisua^^ 
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trouble from grooving and other evils caused by an injudicious 
application of gussets or other stays. 

It is sometimes argued that if the ends be prevented from 
bulging by stiffening ribs, any further staying to the shell or 
from end to end is superfluous, 'as the rivets securiug the end 
to the shell are suflScient of themselves to prevent the end from 
being torn off. This argument can, however, only apply to a new 
boiler, for it is found that the ever- varying strains to which the 
fiat surfaces of boilers are subjected, often in the course of time 
seriously affect the strength of these stiffening ribs however well 
they may have answered at first. Cases have occurred when 
T iron ribs on the ends of internally fired boilers have become 
crippled with the working pressure after a few years' use, and 
yet showed no permanent set when the boiler was tested b^' 
water at double the pressure when new. In the cases referred 
to, the T irons were not injured by corrosion, which would have 
c lused them to fail much sooner. The loss of strength cau only be 
ascribed to the injurious effect of the continually varying strain. 
The circumstance appears to be sometimes overlooked thti 
the pressure against a flat end plate merely stiffened and not 
stayed, exerts an awkward stjrain on the rivets and heads at- 
taching it to the shell angle iron, and a trying transverse strain 
on the plate at the line of attachment, in consequence of which 
jjlates strengthened in this manner often fail from tearing] 
through the line of nvet holes. 

It is only in cases where the diameter of the boiler is voy 
small, or the pressure very L>w, that stiffening ribs are to be 
recommended. In some instances they can be advantageouslj 
applied as auxiliaries to longitudinal and gusset staying. 

In boilers of considerable length, say 20 feet and upwards, 
it is necessary to support or suspend the longitudinal stays, and | 
unless they are secured by nuts at one end at least, they should 
be divided at mid length and provided with a double socket and j 
tv70 cotters to draw them taut. It is of the first importance 
that the arrangement of longitudinal staying should not inter> 
fere with the efficient cleaning or examination of the inside of -^ 
the boiler. But in too many cases the stays are made so small | 
in section and consequently many in number as to render it 
quite impossible to reach all parts of the boiler. For fadlit] 
of cleaning and examination as well as for efficient staying, gar 
sets should be used in preference to any other method fo 
strengthening the fiat ends, unless t\iQ \>oV\!&t S^^ ol «rak!(^^s&ft 
leugth compared with the diameter aa to xeu^ex V.VkA >k\f^^a^v 
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efficient gussets as great an impediment to cleaning as long!- 

iiual 8ta>ing. 

In all cases where single gusset plates are used they should 

secured to the shell and ends by double angle ii*ons with the 
^ets in double shear, and not by siugle irons or T irons with 
e rivets loosely inserted and acting with scarcely any effect. 
)uble gusset plates and T irons are not to be recommended 
ring to their greater expense, when single plates aud double- 
gle iroDs can be made to do as well. Some makers set and 
: their gussets to the shell before the end plate is attached, 
lis enables the gusset to be made of one plate. When, bow- 
er, the gussets are applied subsequently to the fixing of the 
id plates, they require to be made in pieces sufficiently narrow 
» admit of their introduction through the manhole. The 
>rmer of these methods requires greater skill to make a good 
»b, but forms a better stay than the latter. When the stay 
msists of a single gusset plate, and where its length and 
Tength of attachment on the shell side is sufficient to resist 
le tendency of the strain to move it in a longitudinal direction 
r to turn it on a point near the comer formed by the end 
late and shell, it will fail by crippling at the rivet holes, or by 
[leivring the rivets securing the plate to the end, or by drawing 
ff the rivet heads securing the angle irons to the flat end, which 
lost therefore be made sufficiently strong to bear the strain 
rhere most severe, which will be at the centre of gravity of the 
ector when the gusset is arranged radially. 

When the stay consists of a gusset plate and diagonal plate, the 
trength of the latter must be considered separately as a diagonal 
tay. It may, however, be remarked that a considerable portion 
ff the strain that would otherwise come upon the diagonal plate 
B distributed by the angle iron over a portion of the gusset plate; 
md where the edges of the two plates are also butted well to- 
other the whole stay may be considered as a solid gusset plate. 

There can be no doubt that where applicable a gusset forms 
the best stay, especially in cases where it is of great depth, 
vhich enables it to act effectively over a great length of plate. 
In the event of the end plate giving way through the rivet 
holes or along the edge of the angle iron securing it to the boiler 
Bhell or flue tubes, the gusset plate if well secured would be 
more likely than any other kind of stay to hold the end plate 
in its place and allow the pressure to diminlBh. ^cqAm^^ Waqm^ 
the reat formed, inatead of blowing the plate coTct^eX^JX V^ 
\Bd canaing a violent exploaion. ,^^^ -^ 
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In cases where considerable pressure is used, it is advisable 
to extend the length of the gusset along the shell and secure it 
to the second belting of plates, and not to the first only, which 
is the usual practice. Long, plain, cylindrical externally fired 
boilers being liable to break their backs, should have their ends 
tied together with stout longitudinal plate or bar-stays properly 
suspended or supported where necessary. These stays are not 
so much intended to prevent the occurrence of transverse seam 
lips as to prevent the two ends fiying off in opposite directions 
if a transverse rent should occur, and so far are meant to pre- 
vent an explosion, or at leat^t to greatly mitigate its effects. < 

Straight furnace tubes attached by angle irons or flanges to 
flat plates and small tubes riveted over at the ends may be 
regarded as stays for the plates they unite. When, however, io 
the case of a cluster of small tubes the plates are thin and of large 
area the tubes alone cannot be depended upoD, even when femiled 
and riveted over at both ends, and their efficiency as stays should 
be increased either by prolonging some of them beyond the plates 
and screwing nuts on their ends, or by inserting at proper dis- 
tances longitudinal stays secured by nuts both inside and out. 

It must be remembered that in longitudinal tubes heated 
internally either all round their circumference when vertical, 
or only on their upper surface when horizontal, the greater 
expansion of the tube compared with that of the shell, throwi 
a severe strain on the end attachment and stays, over and 
above that due to the pressure. This happens only with tubes 
of too large a diameter compared with their length to accommo- 
date themselves to the expansion by bending, and it is only 
after the expansion due to the heat has been allowed by the 
bulging of the end plate or stretching of the shell and stays, 
that the tube can be regarded as a stay at all. It is, therefore, 
obvious that such tubes should have freedom to expand and 
contract without^throwing undue stress on the rest of the boiltf, 
which is best effected by impartin<4 to the end plates the least 
amount of rigidity consistent with safety, which may be done 
by keeping all the stays the greatest distance allowable from 
the tube, and by making the flat ends as thin as may be 
expedient. 

The flat ends of tubular boilers, at least up to 8 feet 
diameter, should always be made in one plate, either solid or 
welded, and not in several pieces^ which are so liable io leak or 
S^^^JgtS'^ ^Ae riveted joints. 
M^oth coii^^ method of calculating t^i© ^t^«»v«^ wi\:\^i% ^ti ^d«!i 
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Fig. 13. 



; to consider each bolt as snstainiog the pressure against 
Q area of the plate to which it is attached. In water- 
aying the area is measured by 
.angle contained between four 
3 in fig. 13. 

re the pressure is very great, 
K^omotlve boilers, the strength 
)late is not taken into account, 
ole pressure being regarded as 
y the stays. Water-space stays 
be made to bear at most one- 
»r one- tenth their breaking strain, 
4000 lbs. per square inch, to 
sufficient strength being left when they are wasted by 
m. The whole surface of the stay bolt is exposed to the 
re effect of the water, whilst only one side of the plate 
sed. 

size of the stay may be found by the following 
1 : — 

82 X P 




A = 



4000 



A = area of each bolt ; s = distance between centres, and 
rking pressure. 

)n the area of the bolts is given, the distance of the 
can be found as follows : — 



8 



-y- 



4000 X A 



letermining the diameter of stay, it is usual to make it 
ihe thickness of the plate. 

render the inside of locomotive and similar boilers more 
ble, the end plate stays are sometimes arranged diago- 
and secured to the shell, and in various other descrip- 
if boilers diagonal stays are used instead of longitudinal, 
diagonal stays should never be attached to the inside 
es or furnace tubes, where they are liable to cause trouble 
ir tendency to arrest the expansion and contraction of 
ites. The resultant tension is greater on a diagonal than 
>ngitudinal stay, and may be found thua ; — 



D = 



cosiu A 



15 ^ 



100 



A TREATISE ON STEAM BOILERS. 







where D = teDsion on diagonal stay ; P = pressure against end 
plate, and A the angle which the stay makes with the direc- 
tion of the pressure against the flat plate. 

In fig. 14, if we make S 
Fig. 14. the distance between the flat 

plate E, and stay attachment 
B = the pressure at right 
angles to the plate which is 
supported by the stay, the 
teusion D will be represented 
graphically by the centre line 
T of stay. 

We are indebted to Sir 
W. Fairbairn for some experiments on iron aud copper screwed 
stay bolts, let into copper and iron plates similar to locomo- 
tive firebox staying. 

1st. A f iron stay with enlarged head screwed and riveted 
into a f iron plate, failed by breaking through the shank with 
12*5 tons, the screw and plate remaining uninjured. 

2nd. A similar arrangement, but with a copper plate, failed 
with a load of 10*7 tons, the head tearing off, and the copper 
threads stripping. 

3rd. A I" iron stay with enlarged end screwed into a 
I'' copper plate, and not riveted, was drawn out of the plate 
by 8*1 tons, the copper thread stripping. 

4th. A f copper stay with enlarged end, screwed and 
riveted into a f " coppper plate, broke through the shank with 
7*2 tons, after stretching -^^"^ 

The above results may be arranged as follows : — 



1st. Iron into iron, screwed 

and riveted . 
2nd. Iron into copper, screwed 

and riveted , 
3rd. Iron iuio copper, screwed 
only .... 
^ti. Cbp/)erii2to copper, screwed 
and riveted . • 



Breaking 
weight. 

Tons. 



Strength 

distributed 

over 26" area, 

this would 

giye lbs. per 

square inch. 




Strength 

distributed 

over IC" area, 

this would ^ 

give Ibe. per 

squazeincb. 



i 
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The first of these results shows that f " length of screw, sup- 
plemented by a riveted head, is fully equal in strength to the 
bolt. 

Comparing the second and fourth residts, we find that an 
iron stay is 60 per cent, stronger than the copper stay, both 
being in copper plates. 

The method of locomotive firebox staying was still further 
tested by the same eminent authority. Two boxes were con- 
Blracted, each 22'' square, having 2f water space between f " iron 
and ^" copper plates, stayed with \^" iron stays, having en]arge<l 
ends screwed into the plates, and riveted. In one box the 
stays were arranged at 5'' centres. On the application of 
water pressure the sides began at 455 lbs. per square inch to 
bulge outwards between the stays. At 815 lbs. the construc- 
tion gave way, the head of the central stay being drawn 
through the copper plate. In the other box the stays were 
placed at 4'' centres. The bulging began at 515 lbs., increas- 
ing to 995 lbs. ; from this to 1295 lbs. the increase of the 
bulging was inappreciable ; it then increased till the pressure 
reached 1600 lbs., when it amounted to one-third of an inch. 
At 1625 lbs. the f iron plate gave way by the thread strip- 
ping, and allowed one of the stays to be drawn through. 

In this last experiment the iron plate and not the copper 
one was the weakest, whilst the stays remained sound. The 
greatest stress upon each stay was 9 tons for those at 5" centres, 
and 11^ tons for those at 4" centres. The actual breaking 
strength of the stays would be about 16 tons. 

Comparing these last results with the first of the other set 

of experiments, we find the thread in the iron plate 14 per 

cent, weaker under conditions approaching nearer to those in 

actual practice than obtained in the experiment when the plate 

itood sound at 12*5 tons. The bulging of the plate may 

aooount for the decrease of strength, as it would cause the plate 

to be drawn away all round the screw, especially on the 

inside, and would therefore diminish the efficiency of the 

* threads. With a similar box, but having the stays at 9" or 

10" centres, it is very probable the bulging would be so great 

as to enlarge the holes, and allow the centre stays to draw out 

without even stripping the threads. 

Whatever value the above experiments may have in proving 
that for similar arrangements the bolt is weaket V\\»iTv>b^<& ^^'d.V^^ 
iad tbnt the uausd practice of locomotive ^xeViorL «Xw3*yel% *'' 
iaMcientfy BtroDg, they aflfbrd no anf^cient d«*a. o^^V^j^ 
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base the ultimate strength of the plates themselves^ as for 
instance when the stays are better secured by nuts and washers 
instead of by riveting over. For want of better information 
we are still justified in proportioning our stayed surfaces 
according to the theory advanced on page 23 — that the 
strength of fiat stayed surfaces is inversely as the square of the 
distance of the stays, the thickness being constant, and with 
the same distance of stays the strength of the plate varies as 
the square of the thickness, and may be expressed by the 
following formula . — 



where P = pressure, 8 = distance between stays, c = a con- 
stant, which we may take at 54,000 for iron plates, h = thick- 
ness of plate. If we take 6 as the factor of safety, e 
becomes 9000. 

When the pressure and thickness are given, we have. 



8 



=v/^ 



T7 



from which formula the following table of distances of stays for 
difierent pressures with f -J^" and ^" plates is calculated. 







Centres of stays 




Pressure in 




for 




lbs. per 








square inch. 


i" plates. 


A" Pl«tM- 


i" plates. 


20 


lU 


13 


15 


30 


H 


10} 


m 


40 


8 


H 


lOj 


60 


7J 


8f 


94 


60 


64 


71 


8} 


70 


6 


7 


H 


80 


6| 


64 


z* 


90 


H 


6J 


7 


100 


5 


6i 


6i 


110 


4| 


64 


6f 


120 


H 


51 


^4 


130 


^i 


5 


■15 


140 


H 


4J 


51 


150 


h ' 


4| 


64 


160 


4 


H 


6i 


DIb, of stay / 


r 


1 ^" 


\ ^V ^ 



\ 
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; the unstayed surfaces are calculated from the centres of 
bay bolts, instead of from the edge of the head or actual 
. of support, the above table gives a greater margin of 
f than 6, and the centres may be increased 1^" for |" 
3 ; 1^" for y'/ plates, and If" for i" plates. The strength 
le bolts must be increased to correspond with the increase 
rface ; and instead of the sizes given at bottom of the table, 
will vary from 1 to li, from 1^ to If, and from 1^ to 1^ 
ctively for pressures of from 20 to 160 lbs. The increasedX 
nces can only be relied upon where the stays are secured ' 
uts, or where these are not admissible, by strong, stout, 
3d heads, not liable to waste away, and not where the 
y flat heads so generally used are employed. 
I, however, 1", 1|" and 1^" are for f ", ^/ and J" plates^ 
ctively, the largest diameter of stay that admits of having 
iT sized heads formed by hammering, without injuring the 
ds, these diameters should limit the widest centres of 
, when nuts are not used, at different pressures, which may 
and by the formula already given at page 99. 



=y- 



'4000 X A 
S 



may be remarked that the centres of stays in locomotive 
>xe8 are seldom determined by the thickness of metal or 
ore, 4" centres being the general rule for firebox staying, 
ber the pressure be 100 lbs. or 180 lbs., or the plates be 
)r -i". The centres in this case are determined chiefly 
\ie capability of the copper plates in the furnace to resist 
ng when they become over-heated, which often happens, 
lially when the water is bad. 
le above experiments of Fairbaim were made on plates and '. 

at an ordinary atmospheric temperature, and cannot 
fore be taken as a standard for the strength of copper 
a in a firebox. In treatiug of the properties of copper, it 
stated that its strength diminished rapidly with an increase / 
mperature, some experiments having shown that 25 per cent. | 
1 tensile strength was lost at a temperature of 500°. When - 
w&ter is very bad, there can be no doubt that the tem- 
ure of the plates rises considerably above this. This cir- 
tance accounts for §" and ^" copper pVate^ «»\«5ft\ ^ V 
98 sometimes f/dJing after two or three -yeax?? \TOt\L, \mcAsx 
sure of from 100 Ihs. to 140 lbs. Tbo c\i»i«uQ\»«t ol \N^< 
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failure varies in an unaccountable manner ; sometimes the plates 
are rent for a considerable length in a straight line between two 
rows of stays, and in some cases, especially when the stays are 
wider apart than usual, or about 6'', the bulged plate gives way 
at its apex, the course of the rent being diagonal to the stays. 
The position, also, of the rupture varies in different cases. 
Frequently the crown plate gives way first, which may be 
accounted for by the deposit from the water settling on this 
plate. When the water is very bad, the partial choking up of 
the side and end water spaces, particularly when they are 
cramped, impedes the free ebullition of the water, and overheat- 
ing, as in the other case, ensues. 

The fiat crowns of locomotive and portable boiler fireboxes, 
and of combustion chambers, are not usually directly stayed to 
the outer shell, like the ends and sides of the fire-boxes, but 
are strengthened by stay bolts and nuts suspended from wrought- 
iron girder stays, which should be bedded firmly on the tops of 
the end or side plates, but by preference on the former. These 
girder stays are either forged solid, or they are made of two 
plates, with a space between, for the bolts, and are riveted 
together at the ends. To avoid having an undue thickness of 
metal, as well as to preserve a water way for circulation, and 
cleaniug out, a clear space of at least 1^ inch should be left 
between the roof plate and girder stay. In order to enable the 
stay bolt to be tightly screwed up, without bending the plate, 
it is the usual practice to insert ferrules between the plate and 
stay. Another plan is to forge projections on to the solid stay 
bottom, which serve as distance pieces, and into which the stay 
bolts are tapped from the under side. Both these methods act 
also with advantage in imparting great strength and stiffness to 
the whole. The plate is thus made to act as a bottom fiauge 
to the girder, and is fixed at the ends, whilst the web is merely 
supported at both ends. The girder is therefore of a compound 
type. For want of sufficient experimental data from which to 
deduce a rule for the strength and stiffness of this arrangement, 
we must confine our attention to the strength of the stay itself, 
using a smaller factor of safety in consequence of the strength 
imparted by the bottom flange. The stay may then be taken 
as a beam, uniformly loaded, and supported at both ends. Its 
strenjjth can therefore be determined by the usual formula, 

W I _ c bd^ 
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Where W ^ distributed weight, := pressure x distance be- 
tween girders x length of span = p x S X ^ 
I = length of span in inches. 

c = modalns of rapture =: 54000. : 

b = breadth in inches. 

d Z= depth yf yy 

p ^ pressure in lbs. per square inch. 

The length of span being given as well as the pressure and 
width between girders, the breadth and depth are the unknown 
quantities usually, required. The breadth varies from ^ to ^ 
the depth, and may be taken at iih, which is about the average. 
Taking the factor of safety at about 3, the foimula for the 
depth becomes 



=y 



6000 



In girder stays of long span one-fourth tha depth will be 
found too much for the thickness, and may be made one-fifth, 
the depth being increased to correspond. 

As wrought-iron bars under a transverse strain deflect con- 
siderably before they break, the useful strength of wrought-iron 
girder stays must be estimated by the amount of deflection it is 
safe or expedient to allow, and not by their actual breaking 
weight. It has been found that in bars, whose depth is not 
lees than abput one-tenth their length, the deflection due to a 
load less than that required to overcome the limit of elasticity, 
or about one-third the breaking weight, is trifling, and when the 
strength is proportioned accordingly the bar may be regarded as 
aufficiently stiff. 

When a girder stay of known proportions has been found to 
answer under a certain pressure, it is sometimes useful to know 
how its stiflhess is affected by the alteration of pressure, or of 
its proportions. The conditions of stifluess are shown by the 
following formula : 

I = length of beam, h = breadth, and d = depth, 
c ^ a constant quality^ and S := deflection. 



8 



From this it Is seen that the deflection of a beami \a d\Tft<i>i\:^ 
the weight and cube of the length, and iaxwaeVy «ia ^i^^^ 
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breadth and cube of the depth. In order to preserve the same 
stiflfneMS, the depth must be increased in the same .proportion as 
the length, the breadth remaining constant. With a constant 
depth the stiffness will remain unaltered when the breadth is 
as the cube of the length, or when & Ms as 2. 

The usual method of staying firebox crowns by girder stays 
has the disadvautage of causing half the load on the crown plate 
to be concentrated upon a few portions of the end plates. With 
a large firebox this load is frequently more than that required 
to crush the copper and produce distortion of the tube holes. 
In order to avoid this and the great size of the stay, necessary 
in very long fireboxes, if arranged longitudinally, the girder 
stays are sometimes arranged transversely. In whichever man- 
ner these stays are placed, too great care cannot be taken to 
make them sufiiciently long, and to bed them firmly and evenly 
on the end or side plates, in order that the weight may come 
directly on to these, and be carried by the foundation ring of 
the firebox instead of by the roof plate, which is sometimes the 
case when the censurable plan is adopted of not letting the 
girder stay ends project past the ends or sides, but merely to 
rest on the crown plate, thus throwing the weight on the 
joints, or portion of the roof that is ill calculated to bear the 
strain. 

In order to relieve the foundation ring of the great strain 
that would otherwise be thrown upon it, some of the girder 
stays are usually secured to the outer shell crown by sliug stays 
attache 1 to angle or T irons. * 

A plan of arranging the girder stays, adopted to a consider- 
able extent on the continent, is to carry them right across the 
firebox crown, and secure them firmly to the outside shell 
sides, which must bu carried sufficiently high to admit of this 
arraugemei)t. The formula for calculating the strength of f 
these 8tays is that for beams uniformly loaded and fixed at both 
ends. 

Another arrangement is to fix the girder stays in a longitu- 
dinal direction to the outer shell crown. In this case the stays 
usually consist of plates secured by angle irons to the shell, 
with double-angle irons below, to which the firebox crown is 
stayed by bolts in the usual manner. This and most of the 
arrangements of girder staying interfere greatly with the washr , 
ing oat and cleaning of the crown, which rapidly wears out in U 
consequence. In order to obviate t\i\& doiec^^*, «a\\ «X» >^^ ^^sfift i 
time to get rid of the cumbrouB weigtit aai^ \xi«»& oi ^^«^AV«iK^ 
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rs the practice ia becoming now more general of staying the tire- 
crown to the outer shell like the hides and ends. The 
QT shell crown plate is in some such cases made flat, which 
iers the attachment of the stays more easy, and allows the 
side plate to spring, and so accommodate itself to the ex- 
sion and contraction of the firebox, to which it is now 
dly attached. Where the outer shell is circular the stays 
aire to be arranged to allow sufficient play at the ends of 
inside crown for the vertical expansion and contraction of 
side and end plates. 

n order to preserve the cylindrical form, the tubes in the 
t made Cornish and Lancashire boilers are welded at the 
^tudinal joints when made of iron. In using steel and 
}re the workmanship of the welding cannot be relied upon 
bou tubes, butt joints with strips on the water side should 
used. These longitudinal seams in the furnace plates 
al4 in all cases be kept below the fire bars, whether the 
it be lap, butt, or welded. Steel tubes are usually con- 
Ted stronger than iron in the ratio of 6:5. The usual 
ins of strengthening furnace tubes by dividing fhem into 
rt lengths is to join each belt, or every second or third belt, 
)rding to the strength required by T-iron rings, *' Adamson " 
r seams, or " Bowling " hoops. 

n using the first method (fig. 15) which imparts great (some- 
es too great) rigidity to the tube, the fiange in contact with 
tubes should not exceed the thickness of the plate, or say 
as a ride] but the perpendicular flange may be made stronger, 
making the successive belts of plate to butt closely 
sther, a practice which is still sometimes stupidly adopted, 
great rigidity is imparted to the tube, and grooving on the 
.er hide at the edge of the T-iron flanges is sure to follow, 
ing to the difiiculty of efiectually caulking such a joint, 
ler in a single or F' i^ 

►-flued boiler, when °' 

takage occurs at the 
;er spaces, it cannot 
stopped, and the 
e must be even- 
Uy replaced by one 
better design. In 
er to ease the tube, 

to allow of eMcient can?king at any time, trAov^ ^»»- ^^ 
All round the tube on the fire side, a cVeax «^«b<i«k <^^ ^ 
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least 1" between the plates should always be allowed, as shown 
in fig. 1 5. This also lessens the liability to overheat at the 
Heam by keeping down the thickness of material. To make 
a good job by this mode of strengthening, accurate workman- 
ship is re<][uired, as the two lengths of tube which are embraced 
by the same ring should be of exactly the same diameter, or 
the joint will give trouble. 

A better means, however, of strengthening than the above 
is the Ad am sou or flanged seam (fig. 16), which has long been 

used with success. It necessitates 
^^' * the use of good iron in the first 

place to ensure sound flanging, 
which is, however, sometimes not 
skilfully done, and the plates are 
seriously reduced in thickness at 
the edge. In many boiler works 
this flanging is economically done 
by suitable machinery in one or two heats, which ensures a 
better job being made, and distresses the plate less than 
the repeated heating with the common method, an advan- 
tage of vital importance when steel is the material to be 
operated upon. The strip of plate between the flanges is 
used rather to admit of sound caulking from the fire side, than 
to add strength. The root of the flange should not have too 
small a radius, say not less than f in the inside, or the plate 
will be liable to become grooved on the crown by the alternate 
expansion and contraction, the allowance of which is one of the 
advantages claimed for this seam. The grooving of the flange, 
which frequently takes place, especially at the end attachment, 
is easily repaired by riveting over it a piece of thin plate. Not 
the least important advantage in this seam is that it keeps all 
the rivet heads and plate edges away from the fire, which 
renders it eminently suitable for a furnace joint. The pressure 
inside the boiler also tends to keep the joint closed. When 
any defect requiring repairs occurs at the joints, either to the 
plates or rivets, in the narrow water spaces at the sides of or 
between the tubes in Lancashire boilers, or at the bottom - 
of Cornish boilers, the inaccessible position renders repairing 
very difficult. 

The bowling hoop (fig. 17) in iron or steel is of more recent 
date, and has not been so largely applied as the other two 1 
methods. Its shape precludes the ob^ectiouoi U^^graA^fv^^^Ns)^ 1 
but like the T'iion hoop, it liaa 'tikiQ dis&AN«ai\Ails^ ^Y«& ^qmjI 
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to connect the furuace plates, of placing a joint, along with a 
double thickness of plate in the fire. 

Fig. 17. 




^«|-^ 



Another method of strengthening tubes conHists in making 
the contiguous belts that make up the tube of two different sizeH. 
The ends of the smaller ends are flanged to a ~|^ shape to re- 
ceive the larger lengths, and these flanges impart strength to 
the tube. 

It has also been proposed to strengthen tubes by making 
them of corrugated plates, the corrugations running at right- 
angles to the axis of the tube. 

In many second-rate boiler works, instead of uuing any of 
the above means for strengthening the tubes, it is a common 
practice to apply one or more welded or jointed T or angle iron 
hoops (figs. 18 and 19), secured to the tube plates by rivets, 
which should not be more than 6" centres apart. 



Fig. 18. 




In order to avoid overheating by having an undue thick- 
ness of metal, about an inch water space is maintained between 
the hoop and the tube by means of ferrules, as shown. A.^ 
these have no duty bat to act as distance piecea xYl^^ ^t^ \iWfe\. 
made very light, &nd everything should be done \.o V^e^ 'Oaa 
^imce as cleMras clear aa poaaible to avoid ovefh.€>&\axv^- ^VCto^'Cta 
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object in view, T irou hoops should never be employed. Their 
extra strength is totally unnecessary, and their increased width 
acts injuriously in preventing tbe escape of the steam from the 
tube surface, and in harbouring the incrustation and deposit to 
a greater extent than the narrower L iron flange. The usual 
size of angle is from 3" X 3" to 2i" X 2^" X i"^ A section of 
3" X 2 J" X i" might, however, be used with advantage. This 
would be found quite strong enough, and much lighter than 
the sections usually employed. 

These strengtheuiiig rings are frequently found riveted to the 
body of the plate, without any water spaces at all, or with the 
water space so small as to be practically worthless, the circu- 
lation of the water and removal of the accumulated dirt being 
entirely prevented. The result of this practice is overheating, 
the effects of which are unmistakably exhibited in cracked 
rivet-holes and consequent leakage and corrosion. 

It frequently happens that strengthening hoops require to 
be added to boilers already in use, or after their construction 
is completed. In such cases angle irons should be used, and in 
order to get them through the manhole they require to be made 
in halves. In putting these round the tubes their ends should be 
carefully butted together, and secured by double fish-plates, 
with at least two rivets at each side of the butt. They can 
then be secured to the tubes with rivets passed through light 
ferrules, about one inch deep, and at not more than 6'' centres. 
In Lancashire boilers, with very narrow middle and side water 
spaces, the perpendicular flange often requires to be cut away 
to clear the shell or the other tube, and care should be taken 
that it clears properly when put on and when the boiler ia at 
work, and also that the incrustation does not effectually bind it 
to the shell after working some time. The corresponding hoops 
on the flues of Lancashire boilers should be placed two or three 
inches clear of each other. When these hoops come in contact 
with the shell or with each other, they interfere with the free 
action of the tubes, which frequently leads to leakage, fractured 
rivet holes, and started seams. 

There can be no doubt that the "Adamson " seam is the only 
one whose principle recommends it for the furnace end of a 
tube where the joint is unavoidably exposed to the action of 
the fire, and it should be applied in all new boilers to the furnace, 
whether the collapsing strength of the tube requires it or not 
However liable to cause slight oveT\ieatiiv% V^i^ iwdl^^ ykoiiVqw^ 
raajr be, it ahonld nevertheleaa \)e a^pUeA xoxijA \^ VQsi;^aRKk 
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> all rmstrengthened tubes iu use, as a precaution against a 
^llappe on a large scale, in the event of the furnace crown 
ecoiuing of^erheated. 

Cylindrical, conical, oval, and rectangular water-tubes are 
•ften used as a means of strengthening boiler flue tubes of both 
lylindrical and elliptical section. Where the side and middle 
urater spaces are very small in Lancashire boilers, these water 
tubes are preferable to encircling hoops, as they offer at the 
same time one of the best means of improving the general 
circulation of the water in the boiler, which is always defective 
when the water spaces are less than 4", even with a clean 
shelL To facilitate their application to boilers in u»e water 
tubes are sometimes with advantage fixed in a sloping direc- 
tion fore and aft in the tube. The Galloway tube, however, 
offers the greatest facilities of application, besides being the 
best in nhape for promoting the circulation. 

Where several water tubes are applied as means of strength- 
ening a cylindrical flue tube, they should be arranged vertically, 
and inclined sideways to break joint, but never quite hori- 
BODtally, or in one line from end to end. When water tubes 
are used behind the bridge, the furnace ituelf, when cylindrical, 
should still be strengthened by an encircling hoop, to prevent 
a serious collapse, as already observed. The ends of water- 
tabes should always be flanged for new boilers. Angle irons 
only add to the risk of leakage, but may in some cases be used 
vitii advantage in old boilers, as they facilitate the application 
of the tube. Some boiler-makers weld-in their wtiter-tubes 
to avoid leakage from joints or rivets. No doubt the motive 
is good, but when the tube requires cutting out for replacing, 
the welded part also generally requires to be removed, and 
causes a very large hole to be made in the flue tube. 

Water pockets in the sides of the flue tubes are also em- 
ployed to a considerable extent, instead of water tubes passing 
through the centre. They certainly have the advantage of 
allowing a freer passage along the tube for cleaning and ex- 
aiuiuatiou than ordinary 6" or 6" water tubes, which are often 
iDJudiciously applied only three or four feet apart to tubes of 
even less than 2' 3" diameter, and prevent tbe passage of any 
but a very small adult ; the cleaning in consequence becomes 
neglected, and the reduction in the evaporative speed and 
economy of the boiler inevitably follows. 



CHAPTER VII. 

BOILER MOUKTINGS, ETC. 

The subject of boiler mountings may be fitly introduced by 
a few remarks on their proper mode of attachment, which is 
too often overlooked. 

The first object to be sought is a good joint, which will 
eBsure freedom from leakage, and its accompanying evils. At 
the fiat ends and flat surfaces, which can be readily dressed up 
to form a good face there need be no difficulty in making a tight 
cement joint, by bolting the mountings directly on to the plate, « 
provided that the plate is not liable to bulge by the pressure, > 
and the flange to be bolted is not too thin, and the studs or '^ 

bolts are not too few and far between, and not too small to ^ 

' 'i 

admit of the nuts being tightly screwed up. The proportion 
between the stiffness of the flange and the number and size of 
bolts employed is a simple consideration too frequently not j 
sufficiently considered. ^ 

On a curved surface, however, like a boiler-barrel, or hemi- - 
spherical end or dome crown, an ordinary cement joint with • 
bolt studs cannot be depended upon for tightness. In all such .: 
cases the mounting should be attached to a seating securely y 
riveted to the plate. This seating may be suitably made of - 
cast iron, from a pattern tried on to the curved surface. When - 
the aperture in the plate is not of the roughest description, a 
good joint with the plate can be ensured by caulking from the 
inside. But in order to provide against any uncertainty in the 
fit of the casting, and to enable the joint to be caulked on the 
outside, it is sometimes recommended to interpose a layer of '\ 
sheet iron about i" thick between the casting and the plate. i1 
With careful workmanship and ordinary skill this refinement 
18 not neceas&ry. 
In certain cases seatings of wroxxglaWtoii, \stM», at ^m^^ 
copper, admitting of caulking inaid© wid oxiXi, «c^ «5^^ 'vii^ 
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advantage. The surface of the seatiug, which receives the 
mounting^ being flat in all cases, can be truly faced and a per- 
fectly tight joint insured. 

The form of the seating admits of some little variety, and 
may be left to individual taste and judgment. 

The application of riveted seatings is rendered doubly neces- 
sary when the attachment to the plates is concealed from view 
by biickwork or other covering. Yet they are often objected 
to on the score of expense. The outlay, however, in many 
eases would be far better applied in providing suitable seatings 
than in attaching a dome, which in the great majority of cases 
is a useless and cumbersome appendage. 

: Where the mounting is attached once for all, there need 

I be DO difficulty in making a faced joint tight with a tbin filoi 

of cement. But in cases where the joint is periodically broken 

and remade, as, for instance, at the manhole, the faces aie 

liable to become uneven from rough usage, and the perfect 

tightness is no longer easily obtained. Cement being no 

longer proof against leakage, resort must be had to cord, 

' india-rubber, copper wire, or what is sometimes found to 

I answer better than anything with rough faces, namely a piece 

|<rf|" or I" lead pipe carefully arranged, with the ends over- 

t lapping within the circle of bolts. An excellent plan of 

I making a tight joint is to cut a semi- circular ^-inch groove 

'< in each of the two faces, into which a copper wire is 

; inserted, with the ends brazed together, and sufficit ntly thick 

; to keep the faces from close contact when the joint is screwed 

up. The faces of manhole and mudhole-mouthpieces are often 

doRtroyed by attempts to wedge off the covers when these are 

I difficult of removaL The reckless insertion of chisels, &c. , 

I may be avoided by providing two tap-bolts at opposite points 

i in the cover. On screwing these up against the face of the 

Mating the cover is gently but irresistibly removed. 

THE FEED APPAIIATUS. 

Every boiler should be provided with its own independent 
feed back pressure valve. In too many cases reliance is 

I placed upon the pump valves and the check valve, fitted to 
Bome injectors for preventing the water being forced back out 
ef the boiler by the ateam pressure. Now, m^^i'ft cwaa o1 «* 
^03 boiler the pump vaives may be considexed a^ «i. «>aS£LCvsv\\> 
«%i«n/ against the lofsa of water by t\xo va^y Vt eul^xviO^^SS^ 



?•- 



114 A TREATISE ON STEAM BOILERS. 

there be no way of escape between the boiler and the pompk 
But it so frequently happens, during the life of a boiler, thit 
branches are added to the feed delivery pipe terminating in » 
stop valve, or tap, which requires to be closed and opened by 
hand, whereby a great risk of emptying the boiler is incurred, 
that it is advisable to fit a check valve to every new boiler in thti 
first instance. With respect to the check valve on a Giffard^ 
injector, its action cannot be depended upon, as it is ustudljr 
inverted, or, at the best, placed horizontally. Boiler feed check 
valves should never be placed horizontally, as, when the closing of 
the valve is not assisted by its own weight, the back pressun 
of water from the boiler often fails to make it act. 

When two or more boilers are fed from the same pump, it 
is necessary that each should be furnished with a back pressnn 
valve. The system, but too common, of providing each boil* 
merely with a stop valve for regulating the feed has led to 
numerous explosions, from the water being syphoned out of 
one boiler into the other. The presence of a stop valve betweei 
the pump and boiler should always be accompanied by a relief 
valve, to prevent risk of bursting the delivery pipe by closuig|:T: 
the stop valve with the pump at work. 

There are two descriptions of feed back pressure valves is 
general use, viz. : ball clacks, and mitre valves with feaihff 
guides. The casing may be made of cast iron, but the valfa 
seat and lid must be of brass, or rather gun-metaL Ball valvei 
are usually employed in locomotives, as they act more freely» 
are less prone to stick fast, require less frequent renewal, and 
are generally more suitable for the high speed of pump attained 
in locomotive working. Mitre valves are also sometimes used 
for locomotives, especially with injectors, and nearly always fcf 
stationary boilers, where they are readily adapted to act also «• 
stop valves, by having a spindle made to screw down on the 
valve lid, by which the amount of lift can be regulated. A 
common but dangerous practice is to have this spindle attached 
to the valve. By this arrangement its closing can be pw* 
vented, and it is thereby rendered non-self-acting and useleei 
for a back pressure valve. 

Two common defects met with in the design of back pres- 
sure valves are, 1, the allowance of too much lift, which quickly 
brings about the destruction of the valve and seat, so far a» 
tightness is concerned, by the hammering action they undergo^ 
especially with a quick stroke pump. %. 'Y^aa ^^^^rjXswsA 
to the boiler is often not kept sumdexx^A-s ^i?^ iJwiN'^Viaa ^^^^ 
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the cliamber above the valve is not made sufficiently large. 
;, causiug the back pressure to act on the side of the valve, 
3ad of on the top, leads to the unequal wear of the seat, if 
:>es not actually prevent the valve frooi closing properly, 
se two defects, which often escape detection, have been the 
le of endless trouble in keeping these valves tight. One 
rter-inch left is as much as any valve should have, and in 
ly cases -^^'^ lift should not be exceeded. The average rate 
ow through the valve is 400 feet per minute, and should 
exceed 600 feet. In order to diminish the blow on the 
re, an air vessel is sometimes added, and also a valve for 
admission of air on the suction side of the pump. To save 
pipe from bursting, it is obvious that the size and lift of 

pump valves should be governed by those of the check 
re. 

L great diversity of opinion exists respecting the best position 
the introduction of the feed water. The usual practice is 
uimit it near the bottom in all kinds of boilers. Whether 

is theoretically correct with a view of obtaining the maxi- 
n evaporative efficiency depends upon the description and 
.ngement of heating surface. There are, however, practical 
dderations which completely overrule any supposed or actual 
ng of fuel to be derived from introducing the feed at the 
3st point of the boiler. When the water enters at a very 
1 temperature the results obtained from difference of posi- 

will of course be less marked. 

n externally fired boilers the usual plan is to carry the feed 
> from the crown down to within a few inches of the boiler 
>om, which receives the impact of the cold water. The 
iral tendency of this mode of delivery is to lower the tern- 
iture of the plates in the vicinity of the feed pipe orifice 
ry time the water enters, thus increasing unnecessarily the 
.r and tear of the boiler. When the feed is not heated, and 
plates on to which it is delivered are exposed to a high 
perature, this practice is simply dangerous, and is one of the 
\t frequent causes of transverse seam rips. Even with feed 
er at a high temperature, say 250°, the difference between 
i and the temperature of the plates may still be very great. 
Vhen the pipe is cut short, say two feet from the bottom, 
injurious effect of the entering water is no doubt diminished, 
, even in this case, when the supply, su&cient to ^et^^ V-a^i- 
%2»a boilers, is concentrated for a time on & a\ii^e> "Vior^st^ 
water mast be injected with great force \ipoxi \.\ia ^Vsi^^va 
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beneath. A plan frequently adapted to prevent the cooling 
effect on the plates is to fix a vessel under the mouth of the 
pipe to receive the feed. By this means the water is also better 
distributed, as it overflows by displacement from the sides of 
the vessel. With some waters this vessel may be made to act 
usefully as a sediment collector. 

lu Cornish, Lancashire and similar boilers, the feed is usually 
delivered near the bottom, either through an aperture in the 
front end plate, or through a vertical pipe from the crown, or 
by the bottom blow-out pipe. This practice appears to be diie 
to the prevalent opinion that by delivering the cold feed at a 
high point in the boiler the furnace crown seams are liable to 
be started, and that the cold water should be admitted as far 
below the steam as possible, to prevent any condensing e£fect it 
might produce. In multi-tubular boilers of the locomotifB 
type, the feed is admitted at various points in the firebox 
and barrel according to the practice prevailing in different 
localities. 

Now, in most iDtemally-fired tubular boilers there is a con- 
siderable amount of dead water at the bottom which remaim 
comparatively cold long after steam is being formed above where 
the heat is greatest, and it seems opposed to common sense to 
prolong the existence or increase the quantity of this dead water 
by admitting the cold feed at the bottom, where it has a ten- 
dency to remain. By introducing it at a higher point in the 
boiler, the comparatively cold water naturally tends to descend, 
in consequence of its superior gravity, and promotes the circulfr- 
tion by displacement. lu its descent, which may be retarded 
by the circulation, the water becomes heated, and thus tends to 
equalise the temperature above and below, and thereby lessens 
the inequality between the temperatures of the top and bottom 
of the shell, which is so destructive to the boiler. 

Another circumstance in connection with this matter, whidl 
is too often lost sight of, is the importance of preventing as much 
of the water as possible from being forced back through tha 
feed inlet, in the event of the back pressure valve not acting 
properly — by no means a rare occurrence brought abonfe 
by defective condition, or by the obstruction caused by chipi 
or pieces of incrustation lodging on the valve seat. Thta 
consideration alone should go far to determine the best poini 
for the feed delivery, and coufiequently in th4 best boiler practiofl 
the feed apparatus is arranged to deVivet wi mOa. at V«<^\)^^^ 
the lowest WAter level. By this arxauv^^m^kiA. >iJs\ft i»ra»*» ^a« 
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of iuternally fired boilers, aud the hot si.ie plates of externally 

fired boilers, are uot liable to be suddenly draiued dry in the 

event of the feed-check-yalve becoming inoperative. In order 

to guard against any risk of starting the furnace-tube seams of 

internally fired boilers, the feed should be admitted through a 

horizontal perforated pipe, having the end closed, from four to 

eight feet long, placed just below the lowest water level By 

tlus means the water is well distributed, and can have no 

wnaible effect in contracting the plates. By making the internal 

feed-pipe of considerable length, an opportunity is affordpd of 

nisiog the temperature of the entering water before it mixes 

lith the water in the boiler. 

In using feed water containing much bicarbouate of lime in 
lolution, the elevation of temperature causes such a rapid pre- 
dpitation of the lime salts, that the perforations become rapidly 
du>ked up, which leads to serious inconvenience. With water 
of thia description, it is advisable to use a short internal pipe, 
only a few inches in length, endiug in an open trough, or pipe 
of larger diameter with the upper side cut away. The distri- 
hidon of the water is by this means still maintained, whilst the 
llbility to choke up is to a great extent removed. 

In the locomotive class of boiler it is ditficult to apply any 
lotemal feed arrangement, and experience has proved that from 
tiw difficulty, and, in many ca^es, the impossibility, of frequent 
jtttmination, it is safer to leave them off, in consequence of their 
Kftbility to choke up with deposit. The same remkrk applies 
lith almost equal force to small vertical boilers internally fired. 
A short pipe, delivering just below the water level, can in all 
tas, however, be attached to the feed- valve, and arranged so 
Moot to inject the water against the furnace plates or tubes. 
;Bie feed inlet should never be placed near the tube plates or fire- 
kx plates in locomotive boilers, since the contraction produced 
\ij the impingement of the cold feed is sure to make the tubes 
leak, if it does not crack the plates. This applies also to cases 
tiiere an injector is used for feeding, notwithstanding the high 
■temperature at which the feed is introduced. When the feed- 
fil?e is placed on the shell crown of horizontal boilers, the 
Wtical pipe should be provided with a perforated T-pipe end, 
•tUched so that it can be easily removed for cleaning. In in- 
tonally fired boilers the feed valve is best placed on the side 
tf the front «nd pjate^ where it is most acce&a\\)Ve. 
When placed on the shell crown, tbe valye Bho\x\^ \i^ -"wo"^- 
UtfiSviD the boiler front bymeajia of gearing wu.vaVA.y ^st^AVg^^^ 
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to be within reach of the fireman at his post near the fur 
door and water gauge. The feed supply should always 
regulated to keep the water level as nearly stationary as 
bible. This can usually be easily managed when the dem 
for steam is re^ilar. It is far better for the boiler than 
careless but common practice of allowing the water level to 
periodically a few iuches and rapidly raising it by turning 
feed full on. The rapid introduction of a large body of • 
water frequently causes leakage at the rivets and joints, 
increases greatly the wear and tear of the boiler, not onl} 
suddenly contracting the plates, but also, indirectly, by redu> 
the steam pressure, and necessitating heavy firing, which a] 
gives trouble by the piimiug it causes. 

It is very important that the feed water should be introdi 
into the boiler at as high a temperature as possible, both ^ 
the view of maintaining an even temperature throughout 
boiler, so as to reduce the wear and tear arising from une< 
expansion and contraction, and also to effect a direct savin 
fuel when the feed is warmed by the exhaust steam or w 
gases. The mode of estimating the saving to be effected by 
increase in the temperature of the feed is given on page i 
It may be remarked that the valve of an efficient apparatuf 
heatiug by the waste gases is greatest when it is used in 
nection with boilers badly proportioned or badly set, w! 
allow a great waste of heat up the chimney. 

The feed-water may be heated in various ways. In 
densiug engines it is usually supplied from the hot-well, wl 
the temperature is usually about 100°. In non-conden 
engines it may be heated with the exhaust steam, eithei 
surface or injection. The usual plan for heating by surfa< 
to force the water from the pump to the boiler through a s] 
or serpentine coil of pipes, enclosed in a suitable casing, thrc 
which the exhaust steam passes. Another plan is to let 
exhaust escape through one or more pipes surrounded I: 
narrow annular space, through which the feed is slowly foi 
into the boiler. The objection to all effective surface hea 
by exhaust steam is their liability to become furred up when 
water contains a considerable quantity of lime-salts, the de{ 
of which rapidly diminishes the efficiency of the apparatus, 
may in course of time prevent the passage of the water i 
gether, imiess the pipe is suf&ciently large to admit the for 
Hon of a coating thick enough, to keep ^otitl >^«^ Xaxsi^^^ 
of the water below the point oi pxesaigvta^tioii. 
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The usual plan of heating hy iDJection is to carry the exhaust 
»e into an open or closed tauk containing the water to be heated, 
on the surface of which the current of steam is directed. By 
^ulating the influx of the cold water the temperature of the 
kter in the tank can usually be maintained at the boiling point, 
le water may be heated both by the exhaust steam and the 
Bbste gases, by suitably arranging the annular chamber round 
le exhaust so as to receive the heat from the escaping gases, 
lie most effective plan of heating by the exhaust is to allow 
be water in the form of spray to fall from the top of a vessel 
hrough the ascending current of 8team« Where but little 
prease is used in the cylinder, and the water is good, heating 
by injection can be used with great advantage, but where the 
water contains much carbonate of lime or magnesia, the presence 
of these salts, in combination with the grease, leads to leaky 
joints, fractured rivet holes and bulged plates, and other effects 
d overheating. 

There are various plans for heating the feed by the waste 
fKtes. The water is sometimes led through a coil of pipes 
|laced in the smoke-box or external flues. These apparatus 
m usually very efficient at first, when they are arranged across 
file curreut of gases, but their efficiency rapidly diminishes as 
tikB pipes become coated with soot and flue dirt, which usually 
ikippens unless the surface of the pipes is kept clean by con- 
tmual scraping. With an efficient apparatus in contact with 
^ gases escaping at between 600° land 700^, the feed may 
be heated when the boiler is at work to 250° or more. 

In heating by exhaust steam from a non-condensing engine 
flie feed can at the best only be raised to the boiling point 
•orresponding to the barometric pressure, or to a temperature 
s( about 212°. 

Since nearly all heating apparatus are liable to derangement 
from furring up, and from joints or pipes breaking in iuacces- 
able positions, it is advisable to have a duplicate and reliable 
feect communication between the pump and the boiler in cases 
idkere the stoppage of the boiler for a few hours is attended 
^th great inconvenience. 
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The safety valve should be large enough to aUo^ aXi \^i^ 
UD that may be formed in the boiler to escape ^itlh. ^\x^<(ivbXL^ 
Mjr to prevent the initial blowing-off preaauie \)«vii^ ««-- 
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ceeded by more than about 1 2 per cent. The quantity of steam 
^'unerated will depend upon the amouut of fuel consumed, aud 
the amount of water evaporated per lb. of fuel in a gives 
time. These quantities are again dependent upon the size of 
fire grate and rate of combustion, and upon the quality of fael, 
and the extent and efficiency of heating surface. 

Instead of estimating by the heating surface it is, however, 
more convenient to take the maximum quantity of water that 
can be evaporated per lb. of fuel in any given boiler, which ve 
may take at 10 Iba., whence we have — 

g^ y X <? X 10 _ g c 

3600 ;560 

where S = lbs. of steam generated in one second, 
g = area of fire grate in square feet, 
c = rate of combustion in lbs. per square foot of grata 
per hour. 

The velocity at which dry steam at more than 11 Ibi^j 
above atmospheric pressure escapes into the atmosphere, aoj 
cording to Mr, McFarlane Gray, is approximately representedj 
as follows : — 

where W = weight of steam in lbs. discharged per square mi 
of opening per second, and P = pressure in lbs. per sqi 
inch above zero. 

In order that the steam may be discharged as rapidly as 
is formed, the area of the safety valve aperture, or A, mi 

be equal to :r== or 
W 

A -> fl^^ 
5-UP 

The velocity of discharge will, however, be governed, 

some extent, by the dryness of the steam, and by the arraog 

ment of the valve and its adjuncts. If the aperture be n 

sufficient to discharge the steam as quickly as it is raised, i 

pressure will increase, but not mOLe^mitA'^. '^'^ th» elai 

tion of tempersiture and prea&ux© tkie ^wasaVj ^^ '^^ ^^rwssw 
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rate of efflux will be inci eased, and also at the same time 
lift of the valve, whilst the load (except with springs) and 

at which the steam is generated remain constaut, so that 

increase of pressure due to insufficient size of valve soon 

hes its limit. 

t might seem reasonable to suppose that when the pressure 

\ the valve from its seat it would continue to do so until 

aperture of efflux is equal to the area of the valve, that is, 

il the valve rises to a height equal to ^ its diameter, in the 

) of a flat disc valve. 

t is, however, found that safety valves seldom rise more 

Q about -TV of an inch from their seats, unless the pressure 

yhich they commence to blow off" be very considerably ex- 

ied ; the diameter of the valve should therefore be calculated 

a lift not exceeding -^jj of an inch. . In order to o];>tain 
icient area it is better to iucrease* the number than the size 
the valves when the diameter is as much as Ave inches. 
i opening for the escape of s{eam with a conical valve is I 

than the lift ; for a cone of 45% the decrease is in the ratio j 
7 : 10. ■ / 

ks the extent of heating surface may be considerably in- 
ised or diminished without materially affecting the evapo- 
ive power of the boiler, those rules for the area of safety 
ves based simply upon the area of heating surface are not 
much value. Moreover, as the evaporative efficiency of the 
ting surface is not easily determined, the maximum efficiency 
the heating surface should always be taken. The rules 
ed upon the size of fire grate are not generally applicable, 
30 the maximum rate of combustion, which must be assumed 
ihese rules, varies in different kinds of boilers, 
rhe valves in common use may be divided • into two classes, 
ording to the form of the joint made by the lid with its- 
t, viz., disc valves, having a flat-face<l joint, and mitre or 
ical valves, with which may be also included spherical 
res. 

?lat disc valves are guided either by inside wings, central 
idle, or outside pins. In their favour it is urged that they 

much less liable to stick fast than conical valves, and when 
I is the circumstance that determines their selection in any 
if the outside pin guide arrangement should, in consistency, 
\ be adopted. On the other hand, an ob^ectioii \>o \i)cL\% <^^ds& . 
valve is the dMculty of keeping a tiglit 301x1^1 »X. \iV^ -^x^'?^- 
r for a reasonable length of time. At 120 \\>^ ^xeiesjwx^ VX 
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is almost impossible to make the joint tight at all with a flat 
face i inch or more in width. Another objection is the tardj 
escape of steam past the wide face, the direction being at 
right angles to its flow before reaching the valve, which leads to 
a considerable rise in pressure compared with that at which the 
valve lifts. 

In favour of the mitre valve is the greater facility in keeping 
the joint steam tight when the bearing surface is not made too 
wide. A mitre -^ inch in width is qaite sufficient, and is 
found to answer far better for valves, at least up to four iDchea 
diameter, than bearings -|- or -^^ inch, which are more common. 
The usual and best angle for the cone is 46°. The liability to 
stick fast increases with the acuteness of the angle, and it 
should, therefore, not be less than the above. It is sometimes 
urged against the efficiency of the mitre that it requires a 
greater lift of valve for *a given opening than the flat face. 
Experience shows, however, that even as usnally made, the 
mitre valve does not allow such a great elevation above the 
initial blowing-oflf pressure in the boiler as the other, the 
diameter of valve, rapidity of evaporation, and the pressdre 
being equal in both cases. 

At first sight it might be supposed that the exposure of an 
increased area of valve lid to the reaction of the steam pressure 
as it becomes lifted from its seat, especially in the case of a 
disc valve with wide bearing, would cause the valve to be still 
further lifted, and so favour the escape of steam. This, how- 
ever, does not take place, and can be accounted for by the fact 
of the steam under the facing being in a state of motion, at * 
right angles, in the case of a flat face, to the resistance, and not 
a vertical dead pressure, as it was before the valve lifted. Any 
increase of exposed seating area does not appear to have any 
influence in facilitating the efflux of steam by causing a greata 
lift ; but on the contrary, the increased area diminishes tiie 
amount of escape from a disc valve to such an extent as to lead ^ 
to a considerable rise, in some cases as much as from 12 to 
20 lbs. above the initial blowing-oflf pressure of 60 lbs. or 70 Iba. 
The excess of area on the top of the valve, above that which ifl ; 
exposed to the steam pressure when the valve is on its seat, has | 
to bear the additional unbalanced pressure of the atmosphere , 
when once the valve is lifted. No doubt this has some influence 
in resisting the rise of the valve, especially with low pressures 
and wide /aces. In connection wi\»\i t.\i\^^«Xr^«i«ftdL"^tJJLN^^''\^.\ifl^ ' 
be mentioned that the curioua effect \i»ft \iWiT^ cJoaBtN^ iijl '^ 
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alvelid being rather drawn to the seat than repelled, and 
aabtaiiied at a certain distance, i?ihich diminishes as the initial 
lowiog-off pressure is increased. It is by many supposed that 
val7e once lifted will not close again until the pressure be- 
omes reduced in proportion to the increased area exposed to 
he steam when the valve lid is off its seat. That this is the 
ase to some slight extent there can be no doubt, but not to 
ach a degree as is generally supposed. The quantity of steam 
scaping after the pressure has subsided to the initial blowing- 
ff pressure is usually only very small, and is much less with a 
litre face or sharp edge than a wide ilat face, which does not . 
ppear to cut off the current of steam so readily. 

The valve lids are at present guided chiefly by inside wings 
r feathers, or by a central spindle. The former is decidedly 
le better plan, as the spindle is liable to get bent or stick fast 
7 corrosion or dirt, which sooner or later insinuates itself. The 
ings are often made too good a fit, and stick fast when the 
live becomes hot, especially when the casing is of cast iron, 
id the valve-lid is of brass. The method of guiding by outside 
ins is now rarely employed. Spherical valves require no 
aiding on their seat, and are in consequence less liable to stick 
lat, a most important advantage in a safety valve. 

Safety valves are weighted either indirectly by levers, or 
irectly by weights or springs. When the valve-lid is pressed 
)wn by a projection on the under side of a straight lever, an 
ffkward lateral thrust is thrown upon the valve, in consequence 
: the centre of rotation being above the point where the thrust 
ikes place. By bending down the fulcrum end of the lever 
ifficiently, this lateral thrust can be avoided. When, however, 
le weight is transferred to the valve by means of a pin loose 
Qder the lever, or secured by a double eye and bolt, the angular 
irnst is practically obviated. Instead of the pin bearing on the 
►p of the valve, it is better made to act below the face or joint, 
hereby the angularity of its action is diminished, and the 
^ht acts by pulling rather than thrusting, which produces a 
eadier action on the valve. 

Another point in connection with the position of the fulcrum 
that when the load is transmitted to the pin at a point below 
le centre of rotation of the lever, a rise of the valve reduces 
te leverage with which the load acts. This can be practically 
oided by keeping the point at which the levex pt^^ae^ Qi\. "Ocia 
I la the same horizontal line with the axia ot xoXaJCvotl. 
xmticaUy speaking, a feature common to newiVl «2i\ «?gwa^ 
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lever arrangements is that the leverage is reduced by the end of 
the lever moving in an arc when the valve rises. The reduction is, 
however, so slight in most cases as not to be worth considering. 

A serious drawback in lever safety valves as usually con- 
structed, is the liability of the pins or bolts at the fulcrum end 
to become fast by rusting, or from getting clogged with grease 
and dirt. The liability to corrode may be reduced by making 
the pins, double-eyes, or lever ends of gun metal. But in all 
cases it is better to do away with the centre pins altogether, 
and make the lever to turn on a knife-edge case-hardened, by 
which the friction is reduced to a minimum. 

Lever safety valves, as usually constructed, are easily tam- 
pered with, and readily prevented from operating efficiently, if 
not altogether. It too frequently happens that the lever il 
made much longer than necessary for the blowing-off prewrarB 
with the weight provided. This allows the attendant, or any 
one actuated by mischief or malice, to increase the pressure in 
the boiler sometimes to as much as 100 per cent, above tlw 
safe working pressure. In order to prevent such an occurrence 
the lever should always be cut to the length suitable for the 
maximum pressure the boiler is intended to be worked at, or 
the range of the weight should be limited by means of a pin 
permanently fixed in the lever. Sometimes the weight il 
secured to its position by a padlock, which can be removed 
only by the owner, or other responsible person. On the oppo- 
site side of the valve casing to the fulcrum, there is usually ft 
guide for the lever to work in, which, instead of being a simple 
fork, is made with the top* bridged over. This bridge is in- 
tended to prevent the lever rising Bufficiently high to allow the 
valve to be blown away in the event of the weight dropping 6S» 
Such an arrangement should, however, never be adopted, as it 
offers an opportunity of wedging down the lever and valve hard 
and fa«t, too often taken advantage of by reckless and caifele* 
attendants, when the valve is not steam tight for want of W" 
grinding, or when the free escape of steam becomes trouble- 
some. The commonest plan of overloading is to add to the. 
regular weight, bricks, pieces of metal, or any other heavy 
article at hand by which the safety of the boiler may be en- 
dangered. In order that any overloading may be readil/ 
detected, only one weight should be allowed on the lever, and th 
should he on the end. To facilitate tb^e oi^ration of regrindii 
the safety valve, the lid should a\v?a^a\ift i^Tofi.^^:wSfifiL^%n55au^ 
or canted piece cast on, or otbet liandv mewii^icst \Rmi\i^V\.vs«s^. 
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Where the boiler is closely housed in, and inconvenience is 
ely t9 arise from the steam escaping fjfom the valve, it is 
aally led away by a ^aste pipe commuuicating with the 
ung round the valve. These box or bonneted safety valves, 
they are called, add another source of danger in the spindle 
tween the lever and valve, which, being made to pass through a 
le or stuffing box, is liable to corrode, or otherwise stick fast. 
Lore should always be a small pipe to draw off the water, 
lich, sooner or later, accumulates in the waste pipe, and 
lich, if allowed to remain, will not only cause trouble by pre- 
nting the free escape of the steam, but becomes so much 
.ditioual dead weight on the valve. In frosty weather this 
cumulated water is liable to freeze and choke up the escape 
pe when the boiler is at rest, so as to render completely use- 
is the means provided for relieving the pressure in the boiler. 
lien a hole is provided in the bottom of the waste pipe, with- 
it other means for conducting the water away from thiB boiler, 
je plates near the safety valve often suffer seriously from cor- 
sion. When it is required to keep the boiler house free from 
eam, the best plan is to carry the pipes or branches right 
trough the roof, and fix the safety valves outside the building, 
ire being taken that they are in a conspicuous and accessible 
Dsition. The valves in this case should oply be of external 
ead- weight construction. 

In order to ascertain the weight necessary to apply at the 
[id of the lever to balance a given pressure on the valve, there 
tost- be taken into account the load on the valve, due to .the 
;eight of the lever, as well as the weight of the valve itself 
ad connections, which forms an increasing proportion to the 
}tal load, as the steam pressure is reduced, and the amount of 
)verage is diminished. The leverage with which the weight of 
be Ldver acts is measured by the distance of its centre of gravity 
rem the fulcrum. The centre of gravity is easily found »by 
alauciug the lever on a knife edge, and the weights of the valve 
ad lever can be ascertained by actiial weighing. 

The resistance due to the weight of the valve and lever is, 
owever, best ascertained by lifting the lever on its place, ^hav- 
ig the valve temporarily attached, with a suitable spring 
alaoce applied exactly over the valve centre. But as this is 
one with the boiler at rest, it does iiot take into account the 
cira amount of friction throivn on the fvxlcrvxm. ^va. \i^ ^^ 
resanre, and ou the valve guides by the in.dixec\i \.\M\iSk^ Q>1 ^^ 
d when at work. 
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^^^®*J the lever is pressed down by a spring balance 

*r6inity, a rise of the valve produces a considerable in 

^P^ssure by the increase of extension or compression < 

j^^^g* It is customary to arrange the proportions ( 

,^^ 80 that 1 lb. per square inch on the valve is equal tc 

•J^^e of the ppring balance. With this arrangement i 

^ the extremity of the lever is measured by the rise of 

^ ^^tipHed into its area in square inches. This lift of the 

r^in inches multiplied by the number of lbs. to the ii 

[^ 5^ graduation of the balance, will give the additional 1< 

f*^ per square inch placed on the valve by the mere j 

iHiuig. It ig obvious that this additional resistance invc 

r^toesponding increased pressure of the steam to obtain i 

•^•ige through the opening of the valve, over and abov 

*Juoh is always required to compensate for the loss of- 

pwasure under the valve due to the motion of the ste 

Impart, and to overcome the resistance offered by the 

For example, if we take a four-inch valve, anc 

ipo»it to rise ^^Q inch, this will give a rise at the end • 

fkfer equal to 0*05 X 12-56 = '628 inch. If the grad 

rf the spring-balance be 26 lbs. per inch, this will 

■628 X 25 = 15 '7 libs, per square inch, additional resi 

to be overcome by the steam in order to get a lift of ^^^ in 

tte escape of steam. 

Since the load pressing the valve down increases as the i 

of the diameter, whilst the area of the aperture increasef 

<ittectly as the diameter of the valve, it is obvious that 

O^Basing the diameter the increase of pressure necess^ 

[" ^ibtam a given area of opening increases more rapidly thfi 

Opening for efflux, or that a large valve will involve a g 

•xcess above the initial blowing-off pressure to obtain a 

»ea of discharge than a small valve, the spring balance ii 

Cites having the same rate of graduation. The incre 

pressure from the extension or compression of the sprin 

[•doubtless be reduced to any extent by mcT^««ai% SJwa* ^ 

tatlu practice the length of spring \a Aimil^A-Xi^ cacv» 

9i emvenience. This additional reaVataaiG© «^^ ^^^"^ 
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spriog acting directly upon the valve, the decrease in motion 
being balanced by a corresponding increase of resistance in the 
spring. Arrangements to compensate for the increase of resist^ 
auce due to the rising of the valve, by reducing the leverage by 
means of a bent lever, have been successfully adopted. 

In graduating the spring balances for locomotive and other 
valves, the proper weight can be found by formula (1), or allow- 
ance can be made for the weight of valve, lever, and connee- 
tions. When the lever is proportioned so that 1 lb. at its 
extremity balances 1 lb. per square inch pressure, on the valve, 
or when L ir A /, 



W= P-i- (V+Ji-p) (?) 



This shows that in graduating the balance we have only to 
make the scale lighter by the amount of load due to the weight 
of lever valve, <fec., when this has been ascertained. For ex- 
I ample, if the constant load is found to be 7*6 lbs., the extension 
1 of the spring balance produced by 12*6 lbs. weight must be 
j marked 20 lbs. ; that produced by 22*6 lb. weight, 30 lbs., and 
' and so on. 

In graduating spring balances it is perhaps the rule rather 
than the exception to disregard the load due to the lever and 
valve. It is alleged in support of this practice that the extra 
area exposed to the pressure of the steam when the valve rises 
from its seat fully compensates for any excess of load not marked 
on the scale. For instance, with a 4-inch valve, having a 
j^g^-inch bearing there will be an extra area amounting to '4 
square inches ; this, multiplied by 60 lbs., would give 24 lbs., 
which n»ight bnlance the load of lever, valve, &c. , with a stationary 
boiler, but in the caso of a locomotive working at 120 lbs. 
pressure, we should have an increase of pressure, on this assump- 
tion, equal to 48 lbs., which is decidedly too much. In fact, 
to carry out this argument we should have to proportion the 
bearing of the seat to suit various conditions of pressure, size of 
valve, <fec. However, the increased exposed area of valve on 
lifting, as we have already noticed, has no material effect in 
facilitating the escape of steam. 

Some makers profess to specially graduate their spring 
balances at the testing of the Voilex n?\\.\l -wa.^.et, ^Veii^^^wvwak 
degrees of pressure at whick th© vaA.v«\^iV» «t^ \kaHft^ Isttva. ^ 
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lable gauge, and the spring balance scale is marked off ac- 
rdingly. This method has certainly the advantage of taking 
bo account the increase of load due to friction at both ends of 
Q lever, and on the valve, if there should be any lateral 
sssure. But it is difficult to reconcile the alleged success of 
Ls method with the well-known fact that an ordinary valve 
11 let water escape more readily than steam at the same 
iicated pressure. This method of graduating spring balances 
uild. be far better carried out with steam than with water. 
Formula (2) gives, approximately enough, the pressure at 
aich the valve will rise, when the arrangement, workmanship, 
id condition are not decidedly bad ; but the amount to which 
e steam pressure will rise above that at which it commences 
• escape will depend upon the degree of pressure itself, as well 
. upon the character of the valve and speed of evaporation. 
Directly loaded or dead-weight safety valves, as they are 
tiled, are loaded either internally or externally. The latter 
ode is much to be preferred, as any attempt at overloading or 
.mperiug can be more readily detected, and the valve cannot 
i jambed down intentionally by fixing a strut between the 
eight and the boiler crown. The great load hanging on the 
}mdle of au internal dead-weight valve has been known to 
rop off, or to break the spindle when it has been weakened by 
)ncealed corrosion. When this happens, the valve is blown 
vaj, and the discharge of steam and hot water are likely to 
rove disastrous, unless the valve is enclosed in a strong casing. 
lie large bulk of metal used for loading a large internal dead 
eight valve is extremely inconvenient inside a boiler. In 
rder to prevent the suspending spindle from getting bent by 
ay one pushing past inside the boiler, the load should always 
e made free to swing. 

The valve most likely to be found proof against neglect 
id malice is that of the external pendulous dead-weight con- 
ruction, known as the *' Cowburn" valve. Being directly 
aded, it requires very considerable over- weighting to cause a 
irious rise of pressure within the boiler ; and the application of 
ly irregular weights can be readily detected. Having no 
OSS-bars, there is a clear way for the steam to act on the valve, 
bich being spherical requires no guides or feathers to stick 
Bt. The issuing steam, by impinging on the cylindrical weight,^ 
sists in lifting the valve from its seat. ?r6m ob^xsvck% \^^& 
ihn of a great number of valves of various deacnv^VoT^-^.j XX^*^ 
ier lias been led to oouclade thattke " OowbxMa** iiiaXN^V^VS^^ 
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most sensitive and reliable, and afc the same time relieves the 
pressure more quickly than any other valve commonly used. 

For stationary boilers spring balances should never be used, 
nor should the ordinary lever valve, in consequence of the facility 
with which it cau be rendered inoperative. All spring balances 
for locomotive and portable eugiues should be provided with a 
ferrule between the nut and the spring casing, to prevent the 
valve from being screwed down beyond the bio wing-off pressure. 
Sometimes, however, the thread on the spindle is made justof 
sufficient leugth to meet this object. In all cases where spring 
balances are used it should be ascertained that the spring is not 
compressed together so that the lever cannot rise, when the uiit 
is screwed down as far as it will go, and that there is still 
flexibility enough in the spring to allow the valve to rise easily. 

As all valves /ire liable to stick fast by corrosion when allowed 
to stand unmoved for a length of time, they should be daily 
eased on their seats. For this purpose, and also in order to test 
their freedom of action, valves of the direct-weighted spring 
class, and internally- weighted valves of all descriptions, should 
be provided with a lever or other means to ease them by hand. 
The lever should be so arranged that it cannot be employed to 
assist in keeping down the valve. Many lock valves and others 
arranged so as to be inaccessible and safe against being tampered 
with become fast and useless, and are rather a source of danger 
than otherwise when their efficiency is relied upon. 

No boiler should be allowed to work without at least two 
good safety valves, in case one should become inoperative. 

Some of these observations are repeated, with additional 
remarks on safety valves, in the chapter on Explosions. 

Besides the safety valves above described for preventing any 
dangerous excess of pressure in the boiler by allowing the steam 
to escape into the atmosphere, there are numerous other ex* 
pedients and arrangements in use for checking the rise of : 
pressure beyond a certain point. There is, for instance, a plan 
for closing the damper by self-acting machinery on a certain 
degree of pressure being attained. By another expedient, hot 
water is discharged into the fire. But the majority of theie 
apparatus are found to be troublesome and uncertain in their 
action. It may be remarked that discharging hot water from a 
highly-pressed boiler into the fire is liable to prove dangeroiia 
bjr scalding, and scattering the bxurnm^ iSa^l ibout the stoko' 
JioJe, 
la old boilers of very weak cona\jcuc?doa Vt \a «Ami^& Nft 
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) a safety valve opening inwardly, to any excess of atmo- 
sric pressure that may occur when a vacuum is formed inside 
boiler — a circumstance of frequent occurrence, and which 
caused the collapse of several large weak cylindrical boilers. 

LOW-WATEE SAFETY VALVES. 

low-water safety Vidves are used to discharge the steam and 
}ve the boiler from pressure before the water level falls to a 
gerous degree, either from neglect in feeding, or from the 
er escaping out of the boiler. 

^he arrangements of this description which have proved most 
ient after long trial are the two well-known valves introduced 
lectively by Hopkinsou and Kay. ~ Either of these forms a 
(t important adjunct to the safety of internally fired tubular 
ers, from the timely warning they give of lowness of water, 
y are, however, easily tampered with and rendered useless. 
|ir machinery, being inside the boiler, can be examined only 
m the boiler is at rest. * 

Inhere are also numerous other expedients used for low water 
icators. The simplest being variously designed float and 
er arrangements connected with a whistle on the boiler. The 
jority of these are liable to get out of order, and have been 
nd untrustworthy. 

FUSIBLE PLUGS. 

Pusible plugs, in one or more of the numerous shapes in which 
7 are made, are more frequently applied than any other 
ans as a safeguard against the collapse of furnace crowns from 
irheating through ^ortness of water. These plugs usually 
isist of a piece of alloy of tin, lead, and bismuth inserted in 
ioiis manners in the furnace crown. So long as the alloy is 
)t at a comparatively low temperature by the water on the 
> side, it is prevented from melting by the fire on the other. 
t on the water level descending so far as to leave the plug 
', it is expected to fuse and relieve the pressure in the boiler, 
I at the same time to extinguish the fire and save the furnace 
tes. V 

l^otwithstanding the great favour in which they axe VifitV^, ^& \ 
76d by their general adoption, there can be no do\]\)\> \^t\a.\> 
r eSciancj baa been much overrated, since nvLXXietoxxa caafts^ 
r eretjrjrear of the furnace crovirna being burnt ixom ^ox^ 
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ness of w&Cer without the fimble metal beooming melted. This 
U pATiiallT dne to the accamolation of soot and dirt that usually 
takes pla^e in the caritr over which the plug is inserted, and 
partiallr in consequence of the alteration which takes place in the 
£ature of the alloy during long exposure to the heat of the 
fuma-^e. 

Tilt-re are also numerous instances of the fusible metal melting 
out without liberating the steam pressure. This is chiefly 
oauf^ 1 by the aocumu'.ation of incrustation on the metal being 
sufficiently siroug to withstand the pressure upon it and pre- 
Tent its liberation. The simple plan of screwing or riveting a 
piece of lerid or fusible metal into a hole in the furnace-crown 
p'ate sh-~>uld never be adopted, on account of the leakage that 
often take^ plnce when the plug is slack, which leads to the 
corrosion, patching, and destruction of the plate. Moreover, the 
plug will probably not melt until the crown shall have actually 
becoue bare. For this reason alone, there should be a provision 
on the furnace plate for the insertion of the plug to keep the 
crown still coverevi with two or three inches of water after the 
plug itself has been left bare. This is usually done by riveting 
or screwing a seating of wrought iron or gun metal to the fur- 
nace crown, into which the plug of fusiole metal is fitted in 
various wavs. Care should be taken to make the mouth of thu 
seating at least two or three inches in diameter for the easy 
removal of the soot and for the free action of the heat. 

In orJer to take advantage of the heat of conduction the area 
of the fusible alloy in contact with the casing is increased by 
making the plug of an annular shape, the middle being filled in 
with brass or copper. The same object is attained by dividing 
the alloy into several small plugs let into a large cap fitted to 
the seating. This ha^ the further advantage of increasing the 
number of pieces depended upon for safety. Where the area, 
however, is small, greater care is necessary in keeping the metal 
free from incrustation, a coating of hard scale less than -^^ inch 
thick over a i-inch-hole being sufficient to withstand a pressure 
of 70 lbs. or 80 lbs., should the alloy be melted out. This is 
equivalent to saying that less than a month's work with many 
boilers will render such a small plug useless. In making a 
selection of the description of plug the nature of the feed water 
should be taken into consideration. With feed water containing 
much carhouate of lime or magne«v«kVxi ^o\\3i^\Qra.^«K^ft«,\ally whei^ 
gresLse is present, many of t\ie iu«v\>\© ^\\i^ Va. \»ft *xfe iwsas^>rf 
be too sensitive and cause much. tcoxxXAa M ^^^bomj,^ fCT«a.^^t« 
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there is still abundance of water over the fnmace-crown. lu . 
such cases the failure of the fusible metal serves as an indication 
of danger from the liability of the, furnace plates to overheat. 

To guard against the risk arising out of the tendency to 
change in the nature of the alloy, it is advisable to renew the / 
fusible metal every three or four mouths, and only those de- ' 
Bcriptions of plugs which admit of this being readily and effici- 
ently done should be chosen. 

It must not be supposed that the steam in an ordinary large- 
med boiler can always be liberated with sufficient rapidity 
through a small hole, say ^-inch or |^-inch diameter, to prevent 
over pressure in the event of the furnace-crown becoming. bare, 
and such a discharge of dry steam will often have little or no . 
effect in retai'ding the combustion. On the contrary, if we may 
beUeve the testimony of many firemen and engineers, on the 
melting of the plug, the discbarge of steam over a bright fire 
greatly increases the heat of combustion, the appearance of the : 
famace being changed from a red to a white heat. That this, 
imder certain favourable conditions, would take place there can 
be little doubt, and it is probably one reason why fusible plugs 
have been found iuefifective in preventing furnace tube collapse. 
When, however, the discharge of water or wet steam over the 
fire is large, combustion will be retarded, the pressure relieved, 
and warning of danger given. 

PRESSURE GAUGES. 

Besides Laving an efficient self-acting apparatus for pre- 
venting the accumulation of au undue pressure of steam, it is 
highly desirable as a check on the safety-valve and for obvious 
reasons, if not absolutely necessary for safety, that the boiler 
should be provided with a trustworthy pressure gauge for indi- 
cating the steam pressure at any moment. ^ 

The steam-pressure gauges almost universally employed are of 
two kinds, viz. : 1, the mercurial guage ; and 2, the dial gauge. 
Of the first there are various descriptions, the simplest con- 
sistiug of a long glass \} tube containing mercury, open at one 
end to the atmosphere, and at the other end in connection with 
the steam in the boiler. The pressure of steam is balanced by 
the column of mercury, the various heights of the column 
corresponding to the steam pressure, being lead of[ oil ^ ^\a.\M\:^ 
marked scale alongside the tube. "When t\i© a\.ea.xii \ft«k^wxt'5k 
exceeds that due to the height of tbe m«o\maX csJ^mxwd 
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uieasured from the top of the tube where it is open to the air, 
the mercury is forced out and allows the steam or water to 
escape. The area of the glass tube is in most ca^^es, however, 
too small to liberate the pressure with sufficient rapidity to 
admit of this apparatus being relied upon as a safety valve. 
Instead of a glasti tube one of iron or brass is sometimes used. 
The height corresponding with the pressure is, in this case, 
indicated by a light rod connected with a float on the siu:&ce of 
the mercury. 

When the legs of the tube are of equal diameter a fall of 
one inch on one side will cause a rise of one inch on the other, 
the difference in the level will therefore be two inches, which is., 
nearly equal to one pound pressure, or, strictly speaking, is 
equal to '981b. pressure per square inch above the atmosphere, 
or, lib. pressure = 1*02 inches rise in one leg. Hence 
P = L X '49.. .(1), where P = pressure in pounds per square inch 
above the atmosphere, and L = difference in level in inche& 
When the tube legs are of different diameters the pressure is 
reudily deduced from the height in the open leg and the ratio of 
the diameters. 

Let h = rise of the mercury in leg of tube open to atmosphere, ■ 

d = diameter of ditto, 

D = diameter of tube in communication with boiler, 

then the descent of the mercury iu the tube in communication with 

h (P 
the boiler will be = and the difference in the levels ^ill 

be ' "- '' 



^ = ^^(l+ B^>) (2) 



and F = h A + ^^x-49 (3) 

If it be be desired to graduate the scale to indicate directly 
the excess of pressure in the boiler above the atmospheric pres- 
sure, the length of the divisions, calling them inches, can be 
found thus — 



G 



1 + 51 



By making D very much larger t\\aii d -wYisstiYV. ^a t^c^uired to 
increase the scale for marking smaW ^dxm^vovva ot "^x^'sasoast^^ ^^uilS. 
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le fraction -— becomes very small, it may be neglected, and 

le column of mercury in the open branch measures the excess 
f pressure. On the other hand, by making d greatly larger 
ban D, which is often done for convenience with high pressures^ 
•he length of scale may be reduced at pleasure. 

The above formula (2) will not, however, give the precise 
iifference of level, especially in the last-mentioned arrangement, 
in consequence of the quantity of water that lodges on the 
mercury in the "branch of the tube communicating with the 
boiler. In order to correct the error likely to arise from this 
source it is advisable to fill the boiler branch of the tube full of 
water, and take the point where the mercury now stands at 0, 
and make allowance for the difference. 

As the specific gravity of mercury is 13*6, the difference of 
level when the two branches are of the same diameter will now 
stand h X 1*^2 instead of Ji X 2- Formula (2) may be 
"written — 

d 



L = h(l + 0-92 i-^) 



As long as the tube branch is kept full of water this last 
formula will give the correct difference in level. 

In order to avoid the inconvenience of having a long tube, 
the plan is sometimes adopted of closing the end of one branch 
aud leaving a column of air in, which resists by compression 
the steam pressure in the other branch. These gauges, how- 
ever, in course of time become inaccurate from the oxidising of 
the mercury and the consequent reduction in the volume of air. 

The inconvenience arising from the glass in contact with the 
mercury becoming dull, and the liability to fracture, besides 
other disadvantages, especially when steam of high pressure is 
used, have led to the rejection of mercurial pressure gauges in 
favour of metallic or dial gauges, as they are usually called, 
which, although less accurate and reliable, are better liked for 
their convenient shape, facility of fixing, and small cost. 

The " Bourdon" dial gauge, in which the principle of action 
is the tendeucy of a curved tube closed at one end to become 
straight when subject to internal pressure, when well made is 
perhaps the best in general use. But smce Wie ^%.\jb\x\. Tv^gs^ 
Jias lapsed many wretchedly constructed and. \xxi\.tvi&Xj^oT?Ca:5 
riiclea are sold as Bourdon gauges. 
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In all metallic spring gauges the connecting pipe should have 
cue or more beuds iu it 'close to the gauge filled with water, 
which serves to transmit the pressure, and keeps the spring at 
a nearly constant and low temperature. In consequence of 
the large surface of pipe exposed to the air the water iu tho 
pipe and tube is kept cool, but it has the disadvantage of being 
lial>le to freeze iu winter when in exposed situatious. 

For convenience of removal or examination when the boiler 
is at work all pressure gauges or their connections should be 
provided with suitable stop cocks to shut oS the communieatiou 
with the boiler. Yet, in consequence of the risk of deranging or 
breaking the gauge by suddenly letting on or shutting oflf the 
preHsure some engineers prefer attaching their gauges without 
stop cocks. 

In a range of boilers each should be provided with a separate 
pressure gauge, which should never be placed on the steam pipe, 
or where there is a current of steam flowing past the point from 
which the pressure is taken. In such situations they cannot be 
expected to indicate the correct pressure. The best positiou 
is on the boiler, or as near as possible, where there is no rapid 
motion of the steam, and where they are immediately under the 
eye of the boiler attendant, but out of reach of rough usage. 

WATER GAUGES. 

The presence of some )neans of ascertaining with certainty 
the water level at any raoii)ent is, with many kinds of boilers, of 
even greater importajjce than an efficient pressure gauge. 

If, on the one hand, the water is too low, there is a danger, 
especially in internally fired boilers, of overheating the furnace 
plates ; and, on the oiher hand, if the water level is too high, 
there is a risk of priming and other inconveniences. 

The apparatus usually employed for indicating the water level 
are gauge cocks, glass water gauges, and floats. 

Gauge cocks or valves of various designs, too numerous to 
meiitii >n , are perhaps the oldest and most generally used means 
for this purpoKe. They are generally two in number, placed one 
at the highest and the other at the lowest position it ib con- 
sidered desirable to have the water level. When the surface of 
the water stands V)etween the two cocks it is evident that steam 
will hsne from the upper, and water from the lower, when the 
coc^s are opened. To ensure ureatet a<icv]Lta.c^ *\\\ ^iN\^ vci^A&awXKssGa^ 
of the water level the number oi cocka ma^ \i«k *\\i<it«i^'8i\» 
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In flat-ended boilers the cocks are usually placed on the front 
id. In order to avoid errors in indication which too often 
ise from the agitation of the water, the cocks are sometimes 
nrewed into a hollow tube of brass or cast iron attached to the 
oiler, with its ends opening into the steam and water spaces 
ifficiently far removed from the surface to be out of reach of 
be violent agitation of the water. In egg-ended and other 
oilers encased in brickwork above the water level, the cocks are 
isnally attached at or near the crown. The height of the water 
Q such cases is found by carrying small internal pipes from the 
x>cks to the levels between which the surface of the water is to 
M maintained. 

For the purpose of obviating the inconvenience arising out of 
irbe necessity of turning the gauge cocks by hand, a great variety 
of glass water gauges have been introduced, by which the water 
level is rendered self-indicating. The oldest and simplest of 
these consists of a glass tube, the top and bottom of which com^ 
sninicate by means of suitable fittings with the steam and water 
spaces respectively. The level of the water within the glass is^ 
taken t9 be the same as that within the boiler, and is always 
Wore the eyes of the attendant. To facilitate renewing, 
eleauiug, or repacking, the gla^^s gauge shoulvi always be provided 
'with cocks for shutting off the communicatioo with the boiler, 
and also a third cock for emptyiug the glass when it is required 
to drain off the water and to ascertain if the apparatus is 
working properly. Tuis drain cock should always be provided 
with a waste pipe of ample size, and free from sharp bends, for 
earrying away the waste water from the boiler plates. The 
Beglect of this provision often results in severe corrosion of the 
front end-plate of furnace- tube and locomotive boilers. There 
Bhould always be provisions for cleaning out the steam and 
water passages of the gauge when the boiler is at work, iu the 
erent of their choking up with dirt or incrustation. The 
cleaning can be safely effected by using a suitable piece of bent 
wire. The absence of these provisions is a defect of many of 
the patented gauges in use. A common defect met with iu^ 
most kinds of glass water gauges is the small diameter of the \ 
steam and water passages. These are seldom more than i 
inch, whereas they should seldom be less than ^ inch diameter. 
In the ordinary gauge the cocks are made either as plug taps ' 
at as packed gland tups, the latter being used fox Wiie '^>vt^^^ ofl' 
vmcealing, but not preventing, the leakage that te^X^^a ^\si.Q«k^V«vi. 
he taps are allowed to gtt out of order. It ia t\xft cjv3l%\.oxcl "Wi 
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make the draiu cock smaller thau the others, whereas it should 
have the largest bearing surface, being used probably thirty times 
a day, whilst the others are uot used more thau twice or thrice, 
aud frequently not so often. I'he effect of the present fashion 
of making these taps too small is the dirty condition too many 
boiler fronts are found in, especially when brackish and other 
hard waters are uaed. These taps often wear unevenly by beiDg 
turned one quarter round and back again every time they ara 
used. Taps always wear better when they are turned comi 
pletely round. In order to enable this to be done, and to 
facilitate their regriudiug, it is best to make the handle as ft 
loose spindle, with a stop at each end, and working freely in an 
eye on the end of the plug or key as it is called. The handles 
are often uiiide so weak as to be wrenched off without much 
exertion in attempting to turn the cocks. For comfort in 
graspinj^, the handles may be covered with leather. The method 
of fitting the handle on to a square on the end of the key has 
frequently led to the unsuspected emptying of the boiler down 
to the level of the water passage, from carelessly putting the 
handle on at the wrong angle. Such an occurrence as the 
escape of the water through the gauge, in consequence of the 
breakage of the glass overnight, when the fires are banked up, 
can be prevented by shutting off the communication between the 
water pa*»sage and the boilers. In ordinary sized furnace tube 
boilers tlie lowest visible point of the glass should never be less 
than 6 inches or 6 inches above the highest point of the internal 
fines. In some cases it is desirable to increase this distance. 
In consequence of the small steam space in locomotive boilen 
this distance is seldom more than three inches, but the greater ■ 
care with which the water gauge is watched on this class of . 
boiler renders a less margin of safety admissible. 

In using dirty water, or when a large quantity of soda is in- 
troduced into the boiler, the level of the water in the gauge ia 
/ rendered unsteady and unreliable in consequence of the water j 
i boiling over through the steam passage. This annoyance is i 
easily obviated by carrying a small pipe well up into the steam 
space, out of reach of disturbance by the ebullition. Glase 
water gauges as usually constructed are not suitable for exter- * 
nally tired boilers with a mass of brickwork in front or with ft 
v?heel draught, unless the feed water is very free from im- . 
purities, as the long horizontal ateam. aud water spaces necessir 
tated are liable to become rapidVy ci\ioV«>A. \jlv wi^X^iisKA^tHjRft ' 
S^auge a source of trouble. To ove.tcome^ ^^i^a ^\«Mssi!L\.i «»M 
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t of the long passages, some engineers have adopted the plan 
attaching a cylinder to the front end of externally fired 
ain cylindrical boilers. This cylinder projects through the brick- 
ork and to its flat end the water gauge is conveniently fixed. 
It is always advisable to have two water gauges to a boiler, 
le one being a check upoo the other, and acting as a re- 
)rve in case of a glass breaking, or any other accident happeu- 
ig to a single gauge. As to the best position for the gauge, 
; should be at the furnace end of the boiler, where it is under 
he eye of the attendant. It must, however, be admitted that 
b is here most liable to the disturbing influences that take 
klace inside the boiler, which render its indications inaccurate 
Old misleading unless proper precautions are taken to obviate 
hese objections. 

It has been proposed to insert a piece of glass in the boiler 
iont or other accessible position, to enable the water level 
nade the boiler to be directly seen and read oft* against an 
ntemal scale introduced for the purpose. It would, however, 
be necessary, at the same time, to illuminate the interior of the 
toiler by means of a lamp shining through another opening. 
3ach an arrangement could only be satisfactorily applied to 
waters free from such impurities as would be likely to besmear 
Uie scale and inside the glass. 

The water-level indicator most conunonly used for externally 
lied boilers is the float. The common arrangement of this 
ipparatns with its external counterbalance and pulley is too 
Vttll known to require description. Besides this, there are nu- 
BMdTous other arrangements, some of which have the counter- 
btlance inside the boiler, and indicate the water level by means 
of an external index-lever. To the common float is sometimes 
idded a whistle, arranged to blow and give warning by self- 
acting gear when the water level descends to a certain point 
beyond which it is considered not safe to sink. The well-known 
defect attending the use of the common float is the liability of 
khe wire passing through the stuffing box to stick fast from 
being too tightly packed, or from being bent when the boiler is 
being cleaned out. This wire should never be made of iron, as 
it rapidly corrodes, destroys the packing and allows the steam 
to pass, and then an attempt at tight packing is sure to follow. 
Many engineers prefer having the wire not more than ^ inch 
iiiick, as it is more easily packed without the aid oi a «X>\v£i\^^ 
kfj and gland, and doea not so easily become peiaxanQiiMX.^ \>^^f^ 
» i" or -f^f^" inch wire, so commonly used. 
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In consequence of the difficulty above mentioned in connec- 
tion with the use of glass water gauges, the float is to be 
preferred for plain externally fired boilers, but there should 
always be two to each boiler. * When carefully constructed and 
not neglected, the float is a reliable water-level indicator, bat 
it requires a great deal of attention to keep it in order. It may 
be placed iu any part of the boiler where it is not affected by 
the broken water produced by violent ebullition, and where it 
is least likely to interfere with the cleaning and examination of 
the boiler or circulation of the water. 



BLOW-OUT APPARATUS. 

The bottom blow-out apparatus is used not only for empty- ! 
ing the boiler, but also for getting rid of some of the dirt and 
sediment iu the boiler by discharging a limited quantity of 
water at intervals with the steam up. It is therefore important ] 
that the apparatus should work freely and be conveniently ! 
situated. Being placed at the bottom where it can completely : 
drain the boiler, it is of still greater importance that its tight- ; 
ness can be depended upon when the apparatus is shut, as ft 
Hiiiall amount of leakage continued for a length of time might ' 
involve the overheating of the furnace plates and the destrao* 
tion of the boiler. 

For freedom in working, valves, if properly made, are supe- 
rior to taps even of the best construction, but, as a rule, they 
are not so trustworthy, and therefore should not be employed. 
Valves of nearly eveiy description, whether conical, disc, or 
sluice, have all the same fatal defect, viz., — liability to misleftd 
when apparently closed. A snaall chip or piece of incrustation 
getting on the seat of a conical valve will prevent its closing 
tightly when to all outward appearance it may seem quite shut 
The accumulation of deposit at the bottom of the casing under ft 
sluice valve may soon render its closing securely impossible, 
and although screwed down hard and fast the valve may still 
be slightly open. By using care, and counting the number of 
turns given to the spindle in opening and shutting, and mark- 
ing the exact point the handle should return to when closed, it 
may be ascertained whether the valve be closed or not. But 
it is just the exercise of this care that cannot be reckoned upoDi 
ami the absence of which renders the employment of valves in 
critical situations so dangerous. 
The duty of filling the boiler au^i Yv^Naxi^ >25v^ 'saa ^Ss« 
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sleamDg, often devolves upon some other than the regular 

ittendant, who, after screwing down the valve concludes all 

Is right and tight, and seeing plenty of water in the gauge 

leaves the boiler to itself for an hour or two. The valve 

after all may have been prevented from closing properly by 

some obstruction on the seat. The result follows that the 

vater escapes un perceived through the valve, the furnace 

plates become drained and overheated, and if there be any 

steam in the boiler the flues collapse or the shell is rent. Such 

cases have frequently happened. From the quiet manner in 

which the water escapes when there is no pressure in the 

hoiler, its loss is then more likely to happen "unperceived than 

when the boiler is at work, as the hot water in escaping under 

pressure usually makes some audible or visible sign. 

The valve that is least likely to cause deception in not closing 
tightly is a kind of butterfly valve with triangular openings, 
where the flat disc forming the valve-lid revolves on the valve 
&oe which it is prevented from leaving by a guard, which, how- 
•vwr, requires adjusting as the faces wear. These valves work 
Very freely and are perhaps as reliable as some gland taps. 

With a tap in good order there can be no deception as to 
whether it is closed or not when turned ofif, and so far as trust- 
worthiness is concerned, they are better adapted for blow-out 
• apparatus when properly constructed, than any kind of valve. 

The principal drawback to taps of all kinds is the manner in 
which they stick fast from becoming corroded or incrusted 
together when not used frequently, or from the quicker ezpan- 
aioii of the plug compared with the shell on being turned on. 
The remedy for the first evil or defect is obvious, and the 
best means for remedying the second is to work the plug 
gently backwards and forwards until the shell is heated through, 
when the tap may be fully opened and shut again immediately, 
with comparative ease. This is better and safer than suddenly 
turning the tap full on with the aid of a dangerously long lever,* 
and waiting until the shell is heated sufficiently to turn it off 
again. The tendency to stick fast is greatly aggravated when 
the casing is made of cast iron and the plug of brasin, a practice 
which should be altogether condemned, since it has been pro^ 
ductive of serious inconvenience and even disaster. It is 
•ekiom that the taps about boilers are found sufficiently hard to 
Wear well, being made of red brass instead oi gvm. m^\aV, 1<^t 
tie sake of being more easily fitted np and re^tted, «xkd ^o^ ^"l 
»ttne, to save first cost. When two mets^ oi ^i^aft «a5si«^ 
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nature are pressed together with considerable force and allowed 
to remain in contact for some time, they are apt to cohere or 
'* seize." TJiis tendency is increased by making the metals 
soft, and is one cause of the sticking fast of taps. It may, in 
some measure, be obviated by making the plug and shell of 
slightly different alloys, the former being the softer as it ii 
more easily replaced when worn out. As a rule, blow-out taps 
are made too short or have too little bearing surface to last 
long without regrinding, and the universal practice of tarning 
the taps one quarter round for opening, and then back agam 
for closing, causes uneven wear and leakage. Every time the 
tap is opened, it should be shut by giving it another quarter 
revolution in the same direction ; by this means the tap wean 
more evenly and lasts longer without regrinding. 

There is a great difference of opinion respecting the best 
taper for large taps, some advocate 1 in 4, others 1 in 6. The 
former sometimes cannot be kept tight, and the latter are liable ' 
to stick fast if screwed down sufficiently to prevent leakage. 
The circumstances to be considered in determining the taper in 
any case, are the steam pressure used, the hardness of the metal, 
frequency of lubrication, and nature of the lubricant and water 
employed. For pressures of 20 or 30 lbs. a taper of 1 in 4 is 
found to work well, but for pressures of 90 or 100 lbs. a taper ' 
of 1 in 6 is necessary to insure tightness. 

In the common plug tap the nut securing the plug is liable 
to work loose and drop off without being observed, as the tap j 
is usually placed in a position difficult of access and examina- 
tion. Serious cases of scalding have been occasioned by the 
blowing out of the plug from this defect. For facility of ob- 
servation the tap is best arranged horizontally, and the plug 
should be further secured by a guard to prevent it from being ' 
blown out in case the nut should drop off from the thread strip- 
ping, or other cause. Such an occurrence could, however, be 
prevented by simply putting in a pin through the bolt behind 
the nut. 

In order to avoid the risk of the plug blowing out, as well 

as to conceal, but not cure, the leakage which takes place when 

the tap requires regrinding, packed gland taps with a doeeJ 

bottom are used by many of the best makers, and to obviate 

the stiffness produced by the friction of the packing against i 

Jarge surface, compound gland. \Aip^ a.T«& «icyavAi\m.e8 used, M 

with questionable success. It is stWV «i\ o^ii <3^«^q5ii^V^ 

the best description of gland tap \a\>et\ftt ^iJaaso. >J«i^ ^^-^wfisasw*: 
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# 

.Qg tap provided with a guard for the plug. Many oases have 
Miurred of the water leakiug to a dangerous extent past the 
lag in a gland tap without being detected in time, an event 
inch less likely to occur with the simpler description of tap. 
Q using gland taps with brackish or other very hard water, the 
lag is sometimes prevented from being screwed down to its 
f*at by an' accumulation of incrustation which has taken place 
letween the casing and the bottom of the plug. This is likely 
o happen when the gland nuts are eased back to allow the plug 
io rise and ease itself for turning readily, a practice often neces- 
fltated by the faulty construction or defective condition of the 
aip. Such an occurrence conld not possibly happen with an 
xdinary open-bottom tap. Inverted plug taps with hollow 
plugs designed to be kept tight against their casing by the in- 
bernal pressure, and those arranged to discbarge through the 
ajpen plug bottom, cannot be recommended. However well 
ndi taps, when of small size, may be found to answer in cer- 
kain situations, they are not satisfactory when of large size, and 
m not adapted for using in connection with waste pipes. 

The practice of making the blow-out apparatus of furnace 
Inbe boilers without waste pipes cannot be too strongly con- 
iemDed. Too frequently the hot water is discharged into a 

En only a few inches below the floor line, from which it re- 
nds, and renders the duty of blowing off a very dangerous 
pne ; at the same time, it is advisable that the end of the waste 
taipe should not be placed altogether out of sight, so that any 
iHikage which may take place may be detected. 
: As the safety of a boiler depends so much upon the condition 
4f the blow-out apparatus, the task of blowing out should be 
arly performed at least once a day by the engineer in 
and should not be left to the fireman. 
In tubular boilers, for facility of access, the blow-out tap 
Id be placed clear of the front end, and connected by a 
elbow pipe with the mouthpiece or branch riveted to the 
er bottom. This pipe as well as the cock should be care- 
ly protected from contact with moisture and ashes, which too 
find their way beneath the floor plates and cai^se the rapid 
ction of the pipe, if not properly protected or made of 
r. Comparatively few externally fired boilers are pro- 
with a blow-out apparatus. The common practice is to 
•vide nothing further thun an iron taper plug 'w\ii<^\L &\.^ Vt^^ 
a29 In the boiler bottom over the fire, by w\i\.c\i ^"^ \>cf^«t: S& 
fn^f^ed The plug IB usually knocked out, wVien. xeci^Sx^^, ^il 
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the rudest meaDs imaginable, and it frequently happens that 
the person, who is bold enough to do it before the water is cold, 
gets scalded if he is not quick in making his retreat. In some 
cases the plug is more sensibly attached to a spindle passing 
through a stuflSng-box on the boiler crown, and provided with 
a screw and handle to raise it with. Means should always be 
provided with this arrangement to guard against the ping and 
spindle beinor blown out by the pressure, in case the screw k 
carelessly turned round too far and looses its hold in the nut 

With plain cylindrical boilers, the blow-out apparatan some* 
times consists of a tap or valve, placed on the boiler crown and 
connected with an internal pipe reaching to within an inch of 
the boiler bottom. This pipe may be made to extend for some 
distance along the boiler to collect the sediment it is required 
to blow out. When the apparatus so arranged is used for 
emptying the boiler, it has the drawback of requiring the 
emptying to be efifected with the steam up, a practice especially 
dangerous with externally fired boilers encased in much bride- 
work. The blow-out is otherwise arranged by carrying an ex- 
ternal elbow pipe from the boiler bottom through the brickwork 
at the side, or back end of the boiler, terminating in a tap c 
valve. For the purpose of protecting the pipe from the ill- 
pingement of the heated gases it is loosely encased in brickworks 
With this arrangement it is necessary to blow out very fin 
quently when the feed water is of a hard or muddy nature, to 
prevent the deposit filling the blow-out pipe and becoming 
baked hard. 

Remarks on surface blow-out apparatus will be found in thf 
chapter on Incrustation. 



MANHOLE COVERS. 

There is perhaps no better proof of the ignorance or reck' 
lessne>'s that may be displayed by makers of reputation, thai 
the number of boilers turned out by them with unguarded 
holes. The too common practice of cutting a piece of p 
about 15 X 12 inches out of a boiler shell without provii 
any strengthening piece to the edge of the hole, where the t 
sion on the plate is concentrated and where it is liable to bfii 
further weakened by wasting, cannot^ be too severely censDred|C 
and has already led to numetous fatal explosions. The plaWJ 
at the edge of the bole, in awcb. caaea, "Viws^ \a\«»x^ Ttfi\. ^\^^hM 
strain from the steam preasuie -wlaa.^ ^isA.^^Oaft ^«t ^^N^^ 
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work, but also what is ofteu much more trying, viz , the strains 
put upon it by screwing up the covet, joften weak and defective 
in shape, to make a tight joint, by means of the bolts suspended 
from the bridge bars or cross piece usually employed. When 
the joint leaks from want of stififness in the plate itself or in 
the cover, or from bad fitting, or from the prei^ence of a piece of 
Interposed scale or hard substance in the cement or india rubber, 
the cover is perseveringly screwed up, and it becomes merely a 
qaestion of time, and power available for screwiug up, for the 
jilate to become buckled and fractured at the edge of the hole at 
light angles to the cross piece, which unfortunately is usually in 
the position most likely to prove fatal to the existence of the 
holler. In boilers at work the edges of these unstrengthened 
manholes are sometimes found split in four or five places, any 
of which fractures are ready with a little overpressure in the 
boiler, or with a little additional wasting, to develop into the 
primary rent of an explosion. In rag-boilers these unguarded 
Banholes are sometimes as large as 36'' x 24". \ 

Hie edge of the plate can be cheaply and adequately strength- ) 
, cued by riveting on a ring of wrought iron. . These rings are,"*^ 

however, too often so paltry, and applied in such an ignorant 
f, nanner, that their application tends' rather to aggravate than 
tlnsen the evil they are supposed to obviate. The ring should ^ 
he at least |^" thick and 4 inches wide, so that the rivet holes ' 
,-ifc 3 inches centres, and not 6 or 7 as is usual, may be kept 
.veil away from the edge of the hole. These internal covers made 
to fit the curvature of the shell are an unmechanical job at the 
IwBt,' and a tight joint can never be depended upon with them. 

It is far better, in all cases, to have a flat face on which to 
make a good joint with the lid, which should be secured by 
strong studs or bolts and nuts. This can be contrived in 
farious fashions, either as a cast-iron branch or mouth-piece, or 
where lightness is aimed at, of wrought iron, or as a simple 
t rin^ when the size and construction of the boiler make it 
iifllcult to enter. The longer the neck of the mouth-piece the 
Ittger should be its diameter. If it be more convenient to 
have the cover internal as for the mud holes at the front end of 
diHible-furnace-tube boilers, it can still be made with a faced 
jointy and held up by means of a bridge bar and bolts and nuts. 

MUD HOLES. 

Mnd boles should always be provided at tlvft itowV. «^^ '^'^ 
ibh-£[ued boilers, as their absence necesaitateaWt^Viis ^iN^^ ^'^^ 
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from the boiler bottom up through the mauhole, which increaseR 
the labour aud greatly interferes with the effective cleaning of 
the boiler. Moreover, the want of ventilation through the 
boiler from the absence of a bottom opening keeps the interior 
for a long time damp, and increases the difficulty of ezamiiia' 
tion. The work of cleaning out Cornish boilers, especially 
when there are strengthening hoops round the tube, is very 
difficult and tedious, and may be much facilitated by having a 
mud hole at the front end. This, howeverj requires a special 
provision, owing to the limited amount of space at the bottom 
of these boilers, between the tube and shell. This provisioii 
can be well enough arranged, without materially weakening tht 
shell of the boiler, which is the objection usually urged agaimt - 
the adoption of this plan. 

In boilers, where the construction does not admit of auv one 
entering for the purpose of cleaning and examination, a nuui- 
ber of mud holes and wash-out plugs should be provided where 
they are most likely to be required, as, for instance, in agri- 
cultural and locomotive boilers, at the firebox shell corneri 1 
aud ends above the foundation ring, aud also at the front and i 
sides, to command a range over the crown of the inside fiie- 
box. These holes at the sides could often with advantage and 
safety be made much larger than is usual, to enable a man to 
get his arm in to clear away the deposit which resists being dii- ! 
placed by a jet of water from the hose pipe. For clearing out the 
barrel of these boilers wash-out plugs should be screwed intotha 
smokebox tube plate, where there is not room for mud hole doon ; 

Mud holes are sometimes made in the firebox bottom ring: i 
These admit of a rod being pushed up among the stays, to 
remove the concretion lodging on them ; but as they are trouble- 
some to keep tight, they are seldom repeated in new boilers. 

In many locomotive boilers, manholes are wisely fitted to 
the bottom of the barrel, which afford considerable facilities for 
examining and cleaning the plates and tubes in their vicinity. ] 
The manhole mouthpieces are often made of good depth, and { 
serve as mud collectors, when a cock should also be provided in , 
the cover for frequent blowing-off. 

The practice of simply screwing a taper wash-out plug into 

firebox shell plates, which seldom exceed ^ inch in thiokuoii 

although convenient and cheap, cannot be recommended, as the 

scanty thread allowed becomes rapidly destroyed by the iron 

rods introduced for removing t\i© coTictefX^ox^ «aA>Si&i^ ^^gs^^ ' 

the platea round the holes become xa.^\d\^ wAxwisAXs^ ^sact5»s». 

Welding on bosses or riveting on ^iec«» ol v^aJw^ « '^^a^ 
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bosses for increasing the number of threads, does not get over 
the disadvantage of having the threads inside the hole, and 
to obviate this it is better, in nearly all cases, to apply a 
month-piece of brass or wrought iron, having an outside 
thread and cap. For the small mud holes or hand holes at the 
fiieboz water spaces of agricultural and locomotive boilers, 
perhaps the most convenient form of cover is the common in- 
ternal lid, held up to its seat by a bow and stud. The edge 
of the plate round these holes Ih, however, liable to waste by 
oofrosion, when the joint is not tight. By riveting a | or 
^ inch ring round these holes, a good joint can be ensured by 
•ecuring an external cover by 3 or 4 studs, which can be 
msily arranged so as not to give trouble by being liable to 
get bent, or by interfering with the cleaning. 

In vertical boilers of the small class there should be a hand 
hole opposite every water tube, as well as a few for the furnace 
erown and at the bottom of the water space. 



STEAM DOMES AND STEAM CHAMBERS. 

Notwithstanding the general opinion that the presence of a \ 
' steam dome is essential for obtaining dry steam, and as a 
I nmedy for priming, it should be regarded as ao useless and ■ 
\ expensive appendage to a boiler, and as frequently applied, a 
' KXiroe of real danger. The practice of cutting a dome hole 
I ) feet or even 3 feet 6 inches diameter in a 7 feet stationary 
: boiler, or a 2 feet hole in a 4 feet locomotive boiler shell, with- 
, out providing against the weakening of the plate involved any- 
; tiling further than the dome plate itself and its angle iron or 
I ittige, cannot but be regarded as barbarous. In many cases ^ 
i the size of the dome and its hole is limited by the width of 
! tiie shell plate, the whole of which, except some 5 or 6 
i inches at each end for the lap and dome attachment, is cut 
tway. Many instances may be met with in shells having the '■ 
plates arranged in parallel courses, where the weakened plate is 
prevented from giving way solely by the support due to the ad- 
joining plates overlapping it on the outside ; were the dome on : 
' the outer instead of in the inner belting of plates, the weakened y 
plate would inevitably yield to the pressure. ^ 

Where the steam user must have a dome, there is no neces- ^. 
I lity for catting away the plate more than a\i€^c\ftii\.\^ \.o ^iJ^ow tjv \ 
J JMo to pasB through ; and when the margVii oi &8iivt\iY "^ ^xci^^ ^ 
4fo adg^ of the pl&to round the hole ahoxild \>ft «A^^3^"aJ^^ 
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/streDgthened by having a stoat wrought iron ring rive 
I it. Yet it must be admitted that the tendency to prime 
V creased as the area of the hole is diminished. 

The supposed advantages of a dome are two in ni 
viz. : 1. By increasing the steam space, it is supposed to 
a useful reservoir of steam, to meet any sudden demand ; 
out of irregular loads on the engine. 2. It is supposed 
advantageously as an anti-primer, since the steam, being f 
removed from the water, is supposed to be less liable 
saturated, especially when the dome contains a perforated 
ragm for arresting the passage of the suspended particles of 
Kow, with regard to the first of these statements, it c 
easily shown that an ordinary-sized dome adds compan 
little to the steam room of a boiler. If we take, for exi 
a Lancashire boiler 7 feet by 30 feet, the steam space i^ 
about 240 cubic feet. With a dome 3 feet by 3 feet hi^ 
would have about 21 cubic feet capacity, which is less t 
per cent, of additional space, and this would be exhaust 
a few strokes of the engine. But the reservoir of powei 
boiler resides ndt so much in the steam as in the ] 
water. With a working pressure of 60 lbs, each cubic i 
steam in the boiler will produce only 4 '65 cubic U 
steam at atmospheric pressure, but 1 cubic foot of 
in the boiler will. produce nearly 35 times that an 
for at 60 lbs. pressure the temperature of the water is 3 
or 95 5® above the boiling point at atmospheric pressure 
as every degree of heat added to water already at 212 
be taken as competent to generate l-^ cubic feet of i 
95*5° will produce 162 35 cubic feet, or nearly 35 tin 
much as 1 cubic foot of steam at 60 lbs. pressure. Whc 
may be concluded that in ordinary boilers the addition i 
power by the reserve of steam in a dome is insignificant 
compared with the power stored up in the water, 
respect to the second alleged advantage, it appears to be 
for granted that the higher the point at which the st< 
taken from the boiler and consequeutly more distani 
the agitated surface of the water, the drier is it lik 
. be. Now, without considering the cooliug effect on the 
by the circumference of a large dome exposed to the : 
phere, this would be a correct conclusion if the steam 
slowly and quietly into tlie dome. &\^ this is not tl 
with the engine at work, ■w\i«ii \5aa «»\a».tev T^^«f«^ Vss 
iJwough the dome witli groa^. ^©\od\.^, wo^ \^ \\^^<8i 
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a quantity of water along with it, causing the ^team in th» dome j 
to be actually wetter instead of drier than the steam in the rest 
of the upper portion of the boiler. 

Priming is promoted, if not actually caused, by the reduction \ 
of pressure, and consequent increased ebullition of the water 
immediately below that point of the boiler wheiice the steam 
k drawn, which disposes the water in the form of spray, to be 
earried along with the ascendiug current of steam. Not only 
11 the water thus carried into the steam pipe, but also any par- 
ticles of earthy and other foreign matters that may happen to 
be at the broken surface of the water. In boilers fed with 
dirty water from canals and drains, the inside of the dome 
wmetimes becomes plastered with mud. and clay, several inches 
fhick, whilst the rest of the steam space remains quite clean. 
* Priming is also probably due in some measure to the flow 
of steam over the surface to the point of efflux, carrying par- 
tides of water along with it by the induced current it produces. 
The various anti-priming expedients usually employed, such 
18 the insertion of perforated diaphragm plates in the dome, 
tod baffle plates for beating back the ascending particles of 
water are 'Seldom effective, unless the system is elaborately 
ttrried out. The simplest and at the same time the most 
dlbctive way to prevent priming is to avoid, as far as possible, 
^sing any violent local ebullition or rapid current in drawing 
off the steam, which may be done by employing an internal 
perforated pipe, with the ends closed and fixed near the top of 
the boiler, into which the steam can flow quietly. The longer 
this pipe is made the better. In ordinary stationary boilers, a 
pipe 6 or 8 feet in length, with perforations, having a total 
Vtea consider^kbly in excess of the area of the pipe, is found 
to be all that is required as an auti- priming apparatus. The 
hrger the collective area of the perforations, as compared with 
the area of the pipe, the more quietly will the steam flow 
tbx>agh them, and when once within the pipe and separated 
from, the water, the velocity of the steam can have no effect in 
producing priming. 

Sometimes the success of this pipe is frustrated by carelessly 
leaving a large open space between it and the pipe leading the 

team away from the boiler, through which a rush of steam 

ikes place, and the action that causes priming is induced. 

lie tendency of the perforations to choke \\p '^Vwl ^istXaaa. 

iuda of dirty water are used has been alleged, m «b ^«k^ "t^t^i 
r umtattoas, aa the cause that has led to the ab8aidoviTXi€ii\» ol 'Cii^ 
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pipes. They are successfully used on some railways in loco- 
motive boilers, having very limited steam spaces. When used 
in locomotives the perforations should not be carried too near 
the ends of the boiler, lest the water splashing back from the 
ends should gain admission to the pipe. 

The tendency to prime may be increased by urging the fire, 
or by drawing the steam from a point over the furnace or where 
the ebullition is violent ; by the presence of grease and other 
matters which impede the free encape of the steam from the 
water surface, or by the immoderate use of soda which causes the 
water to foam. New boilers and especially new locomotives 
prime most in consequence of the violent ebullition that takes 
place over the clean heating surface, and also, sometimes in 
consequence of the greasy and dirty state of the interior. 

All the phenomena in connection with priming, have not 
yet been satisfactorily explained. Melted tallow or oil IM 
sometimes injected into small vertical boilers to prevent primings 
It is supposed to have the same effect on the disturbed surface 
of the water that oil has when poured on a rough sea, so well 
known. And yet it cannot be disputed that the presence of 
grease in combination with other impurities increases the ten* 
dency of many boilers to prime. 

When domes are used, the opening at the dome bottom 
should be made as large as possible, in order to diminish the 
tendency to prime. But in order to maintain the strength of 
the shell, where a large hole is made in it, the plates round the 
dome bottom will require to be adequately strengthened by 
means of a stout ring riveted round the edge of the hole, or 
else by strong internal transverse stays suitably arranged fore 
and aft of the dome. Sometimes the donie itself is strei^hened 
ly shrinking on a strong wrought iron riiig near the bottom. 

It is sometimes asserted in favour of the use of domes for 
locomotives, that they form a convenient seat for the safety 
valves, but when these are blowing oflF violently, they greatly 
increase the disposition to prime. 



FURNACE FITTINGS. 

The furnace is usually comprised of mouthpiece with doors 
and bed-plate, fire bars, bridge, and ash pit, with or without 
doors and dampers. In add\t\ou to \\\.ek^^^ %(^\K\«k «xt«Ki%«QU8eda 
of furnace have special provisiouft iox tsas^^ \i^xn3ScQ% wa^'^psf 
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ention, cleaning out fines and fires, removal of clinkers, 
Ahes, &0, 

In externally fired boilers, the furnace is necessarily made quite 
iistlnct from the boiler. The circumstances which determine 
the best height for the boiler above the fire bars will be con- 
sidered in the chapter on Firing. 

^By increasing the distance between the fire and the boiler, 
tiie perfect combustion of the gases will be facilitated, and the 
temperature of the plates will be reduced. The entering cold 
air will also be more diffused and not so likely to be directed 
•gainst the hot shell to cause sudden contraction. 

The arrangement of the furnace mouthpiece will depend 
mainly upon the arrangement of the fines, as the brickwork at 
the front end requires supporting by an arch or other means, 
when there is a wheel draught or split draught, and only a plain 
wall in front of the boiler is required when a flash fine is used. 
With respect to the best position for the fire door, which should 
be hinged to open sideways, and be made double in number if 
the grate is very wide, it should be arranged with a view to pre- 
vent as much as possible the impingement of the entering cold 
air against the hot shell plates when the door is thrown open, 
and it should be sufficiently wide to enable the fireman to dis- 
tribute the coals properly over the grate. It should be kept 
from 12 to 18 inches from the fire to prevent destruction by 
the high temperature of the furnace. The durability may be 
i&creased and the radiation of heat impeded, by fittiug a baffle 
plate of wrought iron to the door with an air space of 2 or 
3 inches between. A casing or lining of brickwork is some- 
times used behind the door for this purpose. These doors are 
often made excessively high for small boilers, about 12" is 
generally sufficient unless the grate is very long. 

The common practice of applying a large casting for a furnace 
Qioathpiece to the front end of an internally fired boiler must be 
discountenanced. The castings are not only cumbersome. 
Costly, and liable to fracture sooner or later, but they conceal 
the ring of rivets attaching the tubes to the end plate, which 
are best left exposed to view for the detection of leakages 
and fractures. The best plan is to make the mouthpiece 
fdmply of two wrought iron plates with an air space between. 
Tlie outer plate, to which the door is attached, may be fitted to 
the tube hole in the boiler front end plaXe, mi^ >iJftft V^ys^ 
oorered with a hrasa monlding. This arrang|GKL«ii\» «2A.o^^ 'Oaa 
iret he^dfl to be exposed to view, and impatVa «k. T3l«b^» «^"^^^- 
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ance to the furnace. The plan of building up the front end of 
the boiler with a mass of brickwork to prevent radiation should 
never be employed, since it is liable to harbour moisture io 
contact with the front end plate. Another great evil attending 
this plan is the concealment of any outward bulging that may 
occur in the event of the failure or original want of strength in 
the staying. Many a boiler has been saved from bursting by 
the timely warning given of weakness by the bulging of the end 
plate, and any plan which interferes with the detection of 
this should be employed with extreme caution. When it is 
desired to prevent loss of heat by radiation from the front end, a 
coating of good non-conducting composition may be applied in. a 
suitable frame, which can be arranged to leave a space between 
the plates and the non-conducting material, to admit of easy* 
removal, and so as not to cover any of the rivet heads, except 
those of the stays. 

The doors should be provided with a sliding or revolving 
grid for admitting air above the fire, the baffle plate being per- 
foiated to aid its distribution. A host of inventions for making 
the opening and closing of the slide self-acting have been 
patented. As a rule, it may be said that these self-acting appit- 
ratus are allowed to fall into disuse e after a short trial, as most 
of them soon get out of order and require a good deal of keep- 
ing up. 

The dead plate, often perforated with advantage to admit air, 
can be secured to the furnace mouthpiece, and arranged to rest 
on the furnace pidea, so as to dispense with brackets secured by 
bolts to the plates which are liable to leak, and in consequence 
should always be as few as possible. 

The fire bars are usually made of cast iron. The numerous 
shapes in which bars are made have been adopted mainly with 
a view to increase their durability, according to the experience or 
theoretical notions of their designers. For easy handling, the 
bars nhould not much exceed three feet in length. In order to 
facilitate the access of air, the fall of the ashes and clinkers, 
and the cleaning of the fire from below, the bars should be 
made thinner at the bottom than at the top ; but in order to 
maintain the same windage or space between the bars when they 
become worn, they should be made parallel for about f of an inch 
at the top, and then tapered downwards. It may be questioned 
whether any description of fire bar has given better results in the 
Jong run than the ordinary abort caat\ioTL\>wt V^^^"^^ %^.^«^ 
&nd finch at bottom and 3 inchea dee^ vo. m\^<i^a> ^^«t^*^>» 
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)rovided with a distance piece of the same width as at the ends 
» prevent twisting. The rapid deterioration by twisting, 
Deudingy or fusion sometimes experienced, is due to overheat- 
ing, which may be caused either by a single bar here and there 
being, from some cause or other, raised above the general level 
of the grate, or by the air space being too wide, either originally 
or by lateral bending of the bars, caused by want of sufficient 
room to expand or other defect, which allows the red hot fuel 
or clinkers to get between. So long as the cold air comes in 
contact with the whole depth, the bar will only waste away on 
its upper surface, and that but slowly, unless the fuel like 
anthracite, bums with a very intense local heat. The air space 
usually allowed and found to answer best with good semi- 
Intaminous coal is -^^ or ^-inch. This space may, however, be 
diminiBhed with advantage when there is a good draught, 
abundant boiler power, and the coal is clean. In burning 
aathracitic coal which decrepitates and falls through the bars, 
or where the coal yields much cliuker, which adheres to the 
bus and gets between them, the windage might be kept smaller 
if the nature of the coal in the one case did not demand a con- 
nderable air space to insure a good draught for its combustion, 
ttd in the other case to provide for its becoming partially 
(^ked up. With coal that cakes much, or yields a large 
quantity of ash, the air spaces may with advantage be made 
I', or in some cases even more. 

With 'a view to facilitate removal and replacing, and to 
obviate the inconvenience and loss arising out of the single bars 
becoming lifted from their seats, and at the same time to 
increase the lateral stLShess, the bars are often cast together in 
lets of two or more, with end and intermediate distance-pieces 
betireeu them to prevent twisting, which provisions should 
indeed be made in all cases. There should always be a liberal 
allowance at both 'ends for the bars to expand freely. The play 
to be allowed may be taken as 1 in 24. The plan sometimes 
adopted of tapering off the end of the bars and resting them oh 
a& iucliued seating for the purpose of facilitating expansion 
cannot be recommended, as it leads to a difficulty in keeping 
tbe level of the grate uniform, the bars becoming overheated in 
consequence. 

It has been observed that after repeated heating and cooling 
Bist iron becomes permanently elongated. Xccot^yev^ ^q ^> 
feir » £re bar after seventeen days heating preaer^e^ «k ^«tta»x\«vjX. 
(action sof 2 per cent. ; another bax oi t\i© SKax'b ^>saft^ 
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sions, after longer usage, was permanently elongated 3 per 
cent. 

It is a common practice to incline the grates downwards to- 
wards the back end. No doubt this arrangement facilitates the 
pushing back of the fuel, and is useful in burning coal which 
produces much flame, but it makes it more difficult to ascertain the 
distribution of the flre at the back end, especially in a long gnte. 

In order to prevent active combustion in contact with the 
furnace plates of tubular boilers, likely to be followed by a 
current of cold air impinging on the heated part, the side ban 
are sometimes judiciously arranged to bear against the plates. 
A similar arrangement might be with advantage adopted in 
small vertical boilers, where the furnace plates are sometimes 
burnt by the bottom of the water spaces becoming choked with 
au accumulation of deposit. 

With respect to the relative durability of cast-iron and 
wrought-iron fire bars it may be remarked that the point of 
fusion of the latter is considerably higher than that of the 
former, but wrought* iron bars bend and twist much sooner tlun 
bars of cast iron. For locomotives and agricultural boilers, when 
the fire bars are subject to rough usage, wrought iron bars, being 
less easily broken, are generally preferable to those of cast iron. 

When the coals used are of a caking nature and adhere to the 
bars, or cause trouble by the quantity of scoriae they yield, 
various arrangements for giving the bars a rocking motion fin 
breaking the fire and detaching the clinkers have been invented. 
Some of these have been used with advantage, but the troable 
and expense of keeping them in repair appear to have operated 
against their coming into more general use. 

With the view of increasing their durability, the bars are often 
made hollow to allow a current of cold air or water to pass 
through. The air and water by becoming heated also adds to 
the efliciency of the furnace. The advantage of these expedi* 
oiits is, however, quehtiouable, in consequence of the extra fin* 
cost involved and the expense and trouble of keeping them in 
good order. 

The bridge is a low vertical wall or partition at the back of 
the grate, and forms a back end to the furnace. It is usually 
made of fire brick or cast iron surmounted by fire brick. ThA 
bridge is sometimes hollow, perforated, or split to admit air 
behind the furnace for burning the g«Ae«. Sometimes, howeWf 
the bridge ia a wrougbt-iroii wsitet «>^«Aft <^iiauQ3A»&iQEfiS|,'«^ 
the inside of the boiler. Wkeu. ^aXet \k\.^%«» «^ >»R^ «» 
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ould be taken that the ends incline or curve upwards to 
cilitate the escape of the steam bubbles as they are formed on 
e inner surface. 

The bridge acts usefully in bringing the flame in contact 
ith the heating surface, and by retarding the escape of the 
kses into the flues promotes their admixture with the air. 
iie space above the bridge is often, however, made too cramped 
Lth these ends in view. The narrower the space the greater 
ust be the force of the draught to draw the gases through, 
be heightening of the bridge may, in consequence, be 
;tended with an increased waste of fuel, as the gases are likely 
» escape at a higher temperature into the chimney. More- 
rer, the extent of the heating surface which receives the 
diant heat from the fire is diminished by heightening the 
ridge, and the action of the higher temperature and more 
mble impingement of the flame and air against the furnace 
ates is liable to be destructive, especially when sedimentary or 
nasy feed-water is used, or a seam of rivets happens to be near 
le bridge. The best height to make the bridge, in any case, 
m only be determined by actual trial, as it will depend upon 
le siz/e of grate, strength of draught, character of fuel, thickness 
'. fire, and relative quantity of air admitted through the bars 
id above the fire, or behind the bridge itself. The passage 
M>ve the bridge, as an approximate rule, may be made one- 
ith the area of the fire grate. By lowering the bridge the 
ime will not be cooled so suddenly by contact with the plates, 
id may be made to pass further along the flue with a diminished 
r&ught, whereby the prevention of smoke will be facilitated, 
16 evaporative efficiency increased, and a saving of fuel 
footed. In many cases a reduction of two or three inches in 
le height and an improvement in the shape of the bridge, 
hereby it is better adapted to the shape of the furnace, have 
id a very marked effect in reducing the consumption of fuel, 
eventing smoke, increasing the evaporation, and in diminishing 
ue wear and tear of the boiler. 

Hanging or inverted bridges are often used. These are placed 
me two or three feet behind the ordinary bridge, behind which 
r is admitted to the gases. The space between the bridges 
en forms a suitable flame chamber for aiding the perfect com- 
istion of the hydrocarbons, and the use of hanging bridges in 
b manner has been attended with very &ati&^9A\At^ T««>ci^'^ % 
i the diMoulty of keeping them in repair \iaA xisosSiX':} \^ ^^ 
ir absmdonment after a short trial. 
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Underneath externally fireil boileis with deep flash flues, two 
or three additional bridges are often arranged at regular dis- 
tances between the furnace bridge and the back end of the flue 
for the purpose of keeping the gases in contact with the boiler as 
they pass along. 

BOILER SETTING. 

Boilers should be set with as little brickwork in contact with 
tlie shell as practicable, particularly at and near the bottom 
where any water or moisture is liable to lodge against the plates. 
All the flues should be faced with fire bricks, and fire lumps or 
blocks, but not bricks, should be used for the seating. No 
mortar should be used where it can come in contact with the 
plates, but fire clay should be used instead for the whole setting 
of the boiler. The flues should bo sufficiently large to admit d 
being properly cleaned and to enable periodical external exami- 
nations to be made with facility and satisfaction. The common 
practice of cramping the flues arises out of the desire to improve 
the efficiency of the boiler by keeping the gases in contact with 
the plates. But the slight waste of heat that may result from 
the use of moderately wide flues is far outweighed by the greater 
security obtained from the better examination they invite. The 
fact is too often lost ^ight of that the difficulty of cleaning the 
plates caused by the narrowness of flues usually results in the 
plates becoiuiijg covered with a permanent coating of soot and 
other non-conducting substances, which renders them useless as 
beating surface, and consequently the narrovdng of the flaes 
defeats its own intended end. 

Plain cylindrical or egg-ended boilers, when made with wheel 
draught or split draught, are supported on side walls which 
should not exceed three inches in width at the surface on which 
the boiler rests. There is, however, no advantage gained in 
evaporative eflectby making the flues of long and moderately long 
egg-ended boilers for wheel draught or split draught ; but there 
is a decided disadvantage in the increased difficulty of cleaning 
and examining these arrangements of flues involve. These 
boilers are best set with flash flues, the gases passing straight 
from the bridge along the boiler bottom and sides to the 
chimney. This arrangement dispenses with all brick-work 
seatiDg underueath the boiler, which is sometimes supported 
on coat iron brackets protected, on tti^Yc ixo\i\&\s^ %xft\scv^O^ 
far more usually by brackets riveted to >i^ife ^\^^'^ w^^ T^s&Si% 
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le masonry. Boilers of great length — 50 feet and 
; — are often suspended from transverse cast iron arches 
>n the masonry at the sides and placed from 12 feet 
)et apart The boiler is connected to each bearer by 
f three bolts secured to angle or HT irons riveted to the 
)wn, and secured to the casting by nuts, by which the 
>f the boiler can be ac] justed. There should also be a 
"J" iron across the inside of the boiler, under each bearer, 
. the tendency of the shell to assume an oval shape from 
^ht of the lower portion of the boiler and the water 
gainst the upward direction of the force exerted by the 
on bolts. 

the weight on each bearer must vary considerably with 

ling of the shell, due to the greater expansion or con- 

of the bottom compared with the top, long boilers are 

' be strained and break their backs when suspended from 

. attachments only, or the bottom is liable to become 

together when suspended only from the middle bearers. 

emarks on the brickwork and setting of internally fired 

see chapter on Wear and Tear, p. 200. 

Cornish, Lancashire, and other similar boilers of mode- 

igth, in order to promote the circulation, and heat the 

3d-water at the bottom, the flues should be arranged to • 

', the gases forward underneath the shell bottom on 

the flue tubes, the draught being split at the front to 

3k ward along each side to the chimney. Each side flue 

made with an independent damper, or one damper may 

e to serve by uniting the side flues behind the down take 

)ack. But when the boiler is very short compared with 

^ of grate and there is a strong draught, it is advisable 

expose the shell bottom to a very high temperature by 

the gases along the bottom before passing through the 

es. 



CHAPTER VIII. 

INCRUSTATION. 

On£ of the greatest, and at the same time one of the maA 
frequent difficulties steam users have to contend with is the 
formation of deposit and incrustation, or, as it is also called, 
scurf, scale; or fur, in their boilers. 

Where the scale does not acquire a greater thickness than 
. about -^g inch on that part of the boiler where the circnlatioD 
is most defective, and not more than that of an egg-shell, where 
the circulation is most active, it may in most cases be regarded 
rather as an advantage than otherwise, forming, as it generally 
does a coatiug to protect the boiler against the corrosive aotioa of 
the water. But when it becomes thick enough to threaten the 
closing up of the water spaces, or when it gathers in consider- 
able quantities on the plates and tubes exposed to a great heat, 
the incrustation becomes a source, not only of annoyance and 
wasteful expenditure of fuel, but also of actual danger from 
explosion, and tends greatly to shorten the life of the boiler, 
even where no actual danger exists. The heat from the* 
furnace not being carried off rapidly, as it otherwise would be 
by the fresh portions of water that are brought to it by the 
circulation, since its transmission is resisted by the thid[ 
coating of scurf, which is always a bad conductor, the plates 
become overheated, often to such an extent that they may in 
course of time become burnt through. The overheating doe 
to the presence of incrustation may become dangerous, long 
before the plates suffer much from buruiug, especially in the 
; case of large furnace tubes, where the softening leads to dis- 
tortion which is soon followed by collapse and disaster. 

The formation of incrustation, when it gives rise to slij^ 
overhe&tingy must add materiaWy to Mii^c]^^.! expansion, whidi 
is found to be one of tbe pxind^aX ^oxsioas^ ol -w^ax v&Wma 
■in a boiler. 
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station also leads indirectly to overheating by cloHiug 
ipertures of the feed-pipe, especially when the water is 
d through small holes. 

1 of considerable thickness, and very hard and difficult 
ve, incrustation interferes greatly with the examiuation 
iler, and renders it no easy matter to ascertain with 
;ree of certainty the condition of the plates concealed 
3w« Ko doubt there are certain well-known marks of 
ind configuration accompanying some kinds of incrusta- 
ich indicate with a Considerable degree of certainty the 
e condition of the underlying plates and rivet heads, 
se indications are by no means infallible. Their presence 
lauses groundless suspicion and anxiety, and their 
may lead to a sense of security and consequent neglect 

be productive of serious damage. 

ich a degree does the accumulation of scurf interfere 
e efficiency and safety of some descriptions of multitu- 
jid water-tube boilers that their employment in many 
is to be abandoned. Indeed, the nature of the feed 
vailable is too often lost sight of in making selection 
Lffierent classes of boilers. It should always be under- 
that when very bad or hard feed water is to be used, 
ler should be chosen for accessibility to all its interior 
as upon this circumstance greatly depends its future 
ical and safe working. 

i; waters used for stationary and locomotive boilers contain 
atters in solution which become precipitated by elevation 
perature, or are left behind by evaporation. On the 
} ceasing to remain in solution, the first effect will be 
leposition, and imless blown out sooner or later, the 
. becomes hardened, and forms incrustation. The 
■,y of matters held in solution are commonly from 20 to. 
ins per gallon, and in some few cases reach as much as 
ains per gallon. But a much less quantity than the last 
cient to cause serious inconvenience when present in 
feed water. This may be easily shown as follows : — 
the moderate quantity of 20 grains of mineral per gallon, 
Terent solubility, we shall have the considerable quantity 
ards of ^ cwt. left by the water boiled away in a week of 
rs, at the rate of 350 gallons evaporated per hour — ^not a 
nusual quantity with large stationary AmaIl^t^ ^«^i^^^ 
•ci/Jc gravity of the incrustation foTmed «& ^, oa^pM^ 

1 be auMident to cover 260 Bquare ieet ol ^^\» ^w^xNa. 
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a thickDeFB of '0144 inch. This would amount to ^^ inch it 
three mouths, if allowed to accumulate. 

With the customary want of attention to blowing out and 
cleauiDg, we can from this readily conceive the excessive thickuess' 
of incrustation that may accumulate over the whole internal 
surface below the water line in a very small fraction of the 
average life of a steam boiler. 

Besides the substances held in solution many waters hold a 
large amount in suspension, which are left behind by the evapora- 
tion. These principally consist of mud, clav, and other earthy 
matters carried down by rains and running water, or stirred up 
in canals and rivers by the passage of vessels. 

There are but few problems connected with steam engineering 
at which inventors have tried their hands to a greater extent 
, than the prevention and removal of boiler incrustations. Of 
i late years it is computed that not fewer than 200 patents have 
I been taken out, and the number of anti-incrustation nostrums 
I tried by confiding or desperate boiler owners is the best 
evidence of the magnitude of the evil they would overcome. 

Before attempting to notice some of the various anti-incnu- 
tatiou schemes that abound, it is advisable to say a few words 
on the nature of the troublesome ingredients found in various 
waters. 

The mere amount of solid matter in any water is no indica- 
tion of its fitness or otherwise to be used in a steam boiler, as 
this depends almost entirely on the nature of the solid impa- 
rities contained. The presence of 50 grains per gallon of 
deliquescent salts, such for example as carbonate or chloride of 
soda would not be seriously felt with a moderate amount of 
attention to blowing off ; whereas, on the other hand, an equal 
quantity of salts of lime would render the water unfit for use, 
unless an unusual amount of care and attention were bestowed 
on blowing out and cleaning the boiler. Unfortunately the 
presence of the former description of salts is the exception, 
whilst the latter is the rule. 

The great majority of well, mine, river, stream, canal, and 
town supply waters contain sulphate of lime, bicarbonate of 
lime, and carbonate of magnesia. These, present in widely 
different quantities and along with various other impurities, 
are the principal ingredients in the waters that cause tiio * 
greatest amount of trouble, by ioxixmi^ \\axd insrustations and 
Joose deposits that retard the tranaimaftVoia. ol\is».\i \«i x^OA^mi^i^ 
According to M. Coasts, tlio ioUoVm^ we^ >2tMi k^v^xsgs^ 
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different salts which one imperial gallon of water 
ains) is capable of holding in solution when cold 
, and when boiled in the open air : — 





60°. 


212° 


e of lime 

of lime 
e of magnesia 
of potass 
of sodium 


merely traces. 

70 grains. 

175 grains. 

3 -25 oz. 

10 „ 

32 „ 


merely traces. 
>> 

99 
99 

40 oz. 
32 oz. 


magnesia 
f calcium 


266 „ 
600 „ 


580 oz. 


of calcium 


640 „ 


unlimited. 



r of deposition in the boiler as the water becomes 
i is given thus : — 1st. Carbonate of lime. 2nd. 
lime. 3rd. Salts of iron, as bases or oxides, and 
lese of magnesia. 4th. The silica or alumina, 
h more or less of organic matter. 6. Common 

pect to the salt water usedj in marine boilers, it is 
ry in density and in the nature of its ingredients 
Localities throughout the globe. According to Dr. 
•gest proportion of salt hell in solution in the open 
rts in 1000, and the smallest 32. The Red Sea 
)wever, 43 parts lu 1000; the Baltic, 6*6; the 
21 ; the Arctic Ocean, 28*6 ; the British Channel, 
the Mediterranean, 38. Faraday found the average 
ity of sea-water to be 1027, that of pure distilled 
taken at 1000. 

'ater used in his experiments weighed 64 "14 16 lb. 
foot, and contained of 

oz. 
e of sodium. . . . 25*762 

3 of magnesia . . . . 3*282 

e of magnesia . . . 2*212 

e of lime . . . . 1 '01 3 



32-269 



tities of other salts too small to \>e noWcodi. 

'ally understood that the carbonate ot YLxaa, VJiaa 

e,cbewiciilly speaking, as seleuite, Oi\jW., Ta»:W^^^ 



k- 



10*2 A TREATISE ON STE'AM BOILERS. 

and limestone, is held in solution, in fresh water, by an ezcsn 
of carbonic acid, and that in reality it is present in the state of 
a bicarbonate. By heating the water, the excess of carbonic 
acid is driven off, and the greater part of the carbonate is pre- 
cipitated. Its solubility diminishes as the temperature increases, 
and at boiling point it is scarcely soluble at all. It is for tbii 
reason that in water, from which the air has been expelled, :.- 
carbonate of lime is found in such small quantities. Carbonaia 
of lime has been variously estimated as soluble in from 24,000 
to 16,000 times its volume of water, at ordinary temperature, 
or in the proportion of from 2f to 4i grain9 per gallon. Ae- 
Cf^rding to M. Coust^, the solubility is nil at about 290" Fahr, 

Sulphate of lime, a substance of the same chemical compoo- 
tion as gypsum or plaster of Paris, is next in importance to 
carbonate of lime. Its solubQity also varies greatly with tbi :: 
temperature. According to Regnault, its greatest solubility ii 
at 95" Fahr., when it dissolves in 393 times its weight of water, 
or in the proportion of 178 grains to the gallon. At 212*^ it ii 
only soluble in 460 times its weight of water, or 162 grains to 
the gallon ; and according to M. Ooust^, like carbonate of lima 
it is completely insoluble at about 29 0^ It is therefore evident 
that these two salts are precipitated in all kinds of water, merely 
by the elevation of temperature, when the boiler is worked afc 
about 60 lbs. pressure. 

In boilers working at low pressure, the sulphate of lime could 
be partially extracted by blowing off, if the water beoaiM 
saturated with it at about 230° ; but its solution requires time^ ., 
and the rapid evaporation precipates it more rapidly than it can 
re-dissolve. 

Carbonate of magnesia, or magnesian limestone, is the next 
important impurity in fresh water ; but it usually exists in mndi 
smaller quantity than the other two salts. In its relation to 
temperature, and in its behaviour in the water, it is similar to 
carbonate of lime. 

On becoming insoluble the lime and other salts remain fax * 
time suspended in the water, and tend to deposit themselwi 
more or less rapidly, according to the density of the water, ti* 
manner in which it circulates, and the intensity of the ebuUitiflB. 
Over those parts of the heating surface where the water bcfli 
rapidly, the insoluble salts are held in suspension by thi 
agitation until the ebullition &\ibsldQ») or when the drcolatioii ii 
good they are carried aw ay wit\i t\vQ c\vtT«v\\.^^ \xxvNi\ ^ <»>RSfl;pnr' 
tlvely quiet part of the boiler U Tft«bCi\ift^, ^>CL«a. >3aftl«»* 
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ted on the plates or tubes. It frequently happens that the 
. pipe, itself when the feed is shut off, is one of the quietest 
8 in the boiler, and hence the amount of deposit often found 
t. But the furriug-up of the feed pipes, whether vertical or 
zontal, is mainly due to the sudden precipitation of the im- 
ties on being acted upon by the high temperature in the 
3r. The manner in which the precipitation comes about is 
etimes very remarkable, especially when the feed water at 
igh temperature enters the boiler nearly at the point of 
ration. In such cases the lime salts are deposited as they 
. through the apertures in the feed pipe, and gather fast and 
k on the adjacent plates, or when the feed is distributed 
>ngh a horizontal perforated pipe, the deposit is sometimes 
id projecting for a length of two or three inches from each 
ture, like a hollow inverted stalactite. In tine, the passage 
ugh the aperture gradually becomes closed up^ and the feed 
^nsequently prevented from entering. 
b is by many supposed that the plates over the furnaces are 
t liable to become covered with a thick incrustation, as the 
.test quantity of water is here evaporated. This is, however, 
om or never found to be the case unless the circulation is 
^ bad, as, for instance, over the flat stayed crowns of most 
motive fireboxes. In plain cylindrical and internally fired 
liar boilers the suspended matters in the water are driven off 
plates by the ebullition, and carried to the part of the boiler 
re the circulation is most sluggish— ^generally the coolest part 
le boiler — and are there allowed to deposit. When a consider- 

amount of incrustation is found over the fire in ordinary ex- 
ally fired boilers, it is usually caused by the detached scale 
:h has fallen from the sides of the shell, in pieces too heavy 
X) carried away by the circulation. The danger of over- 
ing from this cause is one of the principal arguments against 
practice of having a fierce heat under a boiler-shell, where 
nature of the incrustation renders it liable to cover the 
ace plates to any great degree, 
he carrying away of the deposited matter by the ebullition 

circulation is also retarded by the presence of grease or 
:y matters in the water, which form a paste with the im- 
ties that often proves too heavy or tenacious for removal by 
currents in the boiler. 

he sulphate of lime, on depositing, forms an amox^ow^^ c^t>\<&\>^ 
r or JesB hard, according tp the other ingrediewX,^ vn cq-tcl- 
'on with U, and the heat to whicli it ia ex^%«A, 'IV^ 
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carbonate of lime aud carbonate of magnesda, on the other hand, 
usually deposit as a li>ose fine powder, forming a white sludge 
with the water. They often solidify in combination with th» 
sulphate, forming a bard amorphous crust. Before deposition, 
the light carbonates precipitated are held in suspension near the 
surface of the water, and are frequently carried along with the 
steam and water into the steam-pipes and cylinder. After a few 
months' work, pistons and cylinder covers have been foiukl 
covered with a coating y^g^" thick, or even more, of this fine, im- 
palpable powder. This, it is evident, in time, is liable to caute 
the breakage of the cylinder covers, pistons, or other parts of 
the engine. 

When the deposited carbonate of lime is present in con8ide^ 
able quantity, along with other impurities, it will remain soft 
for a length of time, and if not exposed to too high a tempera^ 
ture when drying or emptying the boiler, will be converted inta 
a fine floury powder, of a light colour. But if the boiler be 
blown out while the plates and brickwork in the flues are at ft 
high temperature, the sludge often becomes baked hard ; and 
it is to this circumstance that a great amount of the hard isr 
crustation from both the sulphate and carbonate of lime is dua 
When a boiler fed with water containing salts of lime is blown 
out cold, and the interior is examined before it becomes dry, 
the plates, tubes, aud stays may be found covered with a thick 
coating of light-coloured sludgy deposit, that can be removed 
with very little trouble if brushed off or washed out with a hose- 
pipe and jet of water. Should, however, the interior be main- 
tained at a high temperature, by blowing out before the boiler 
and flues are cool, the deposit becomes baked on, and apparently 
there is not so much left for removal where the practice of 
chipping off the scale is not carefully carried out. It is for this 
reason, namely, the excuse of having little easily removaUe 
deposit to deal with, that many bailer attendants prefer allow- 
ing the scale to bake hard and fast on. It must be admitted 
that in many tubular boilers the task of sweeping or washing 
out the loose deposit is a very unpleasant one, and likely to be 
shirked by the majority of boiler attendants. 

Various attempts have been made to calculate the loss of 
heat caused by incrustation formed on the heating surface. Bat 

• the circumstances to be considered which determine the rate of 

hent transmission through plates coNeted by scale of different 

kinds and thickness, either homogen^ow^ ot o>i\\fikW\siR^^ w% ^ 

su/Sciently well understood, aud aTek\.oo ii\xHxeto\» X*i ^^xsa^*- 
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hing like exact calculation. It has by one observer been 
d that y^^ inch of incrustation ou the tubes of a multitu- 
r boiler is equivalent to a loss of 20 per cent, of fuel, and 
the loss increases in a very rapid ratio, 
aother observer has demonstrated that a scale -^^ inch thick 
inds an increase of 15 per cent, of the fuel, and as the 
Lstation thickens the ratio increases thus : when it is ^ inch j 
: 60 per cent, more fuel is required, at ^ inch 150 per i 
, and so on. Now it is not stated with which particular ! 

of boiler, or for which part of the boiler this statement < 
3 good, nor is the nature of the incrustratiou btated, on ' 
h its conducting power depeods. Most boilers with an 
lary draught would be quite unworkable with J inch of 

on the furnace plates, and numerous boilers have scale ' 
derably thicker than this over the greater portion of their ; 
ng surface, without demanding anything like 100 per cent. 
I fuel than when the plates are cleau. On the other hand, ; 
s been stated, on the authority of Peclet, that a very thin ' 
ng of incrustratiou favours the transmission of the heat to : 
water, since it has been observed with new locomotive : 
rs, that the production of steam increases at first, then re- 
s stationary, and at last decrease?. It is probable, how- 
, that the increased production of steam observed was due 
le diminution of the priming which is generally very great 
)w locomotives, and which decreases as the grease and dirt 
removed, and as the violent ebullition at the firebox 
nishes when it becomes covered with a thin coating of ' 

• 

is certain that the uniform coating of sulphate of lime 
ed hard and fast on the furnace plates even ^^ inch thick, 
»t so liable to lead to overheating as the thinner, but more 
ular deposits, that sometimes form like barnacles on the 
»s over the fire, or the scale formed of lime salts mixed 

organic matter which adheres tenaciously, but does not lie 
> to the plates. Indeed, a few greasy rags lying on the 
ss exposed. to the fire will lead to overheating sooner than a 
idable-looking mass of close-lying and compact incrustation, 
the deposit that produces most firequently the efiects of 
-beating where they are often least expected, and by many 
idered most unaccountable, is the impalpable powder fouud 
le boiler when empty and dry, of which. c&c\)oii^\a oi'^ixckfc S& 
hie f ingredient. In consequence of tbeUgYitiieBiaolKV.^^^^v^^'*' 
oDg held in auapenaioD, and covera tixo BUiiwie oi^^^ft't ^^"^ 
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scum. When the water becomes saturated with thi8substance,greit 
resistance is offered to the free escape of the steam bubbles, and 
to the free convection of heat. The water is iu consequenea 
lifted off the plates by the steam that accumulates on their sox- 
face, and allows them to become over-heated. 

The tendency to over-heating is much aggravated, if grew 
or other organic matter be present in the water along with thii 
tine floury deposit. The grease appears to combine mechaai- 
cally with the carbonate of lime, and when the compound {data 
on to the plates overnight, or when the boiler is at rest, it 
clings as a loose, spongy mass, too inert to be carried off by the 
circulation or ebullition which it retards, and by preventing tin 
contact between the plates and the water, and by offering grait 
resistance to the transmission of heat produces over-heating of 
the plates. 

The floury depos^it usually consists of at least 60 per cent 
of carbonate of lime with small quantities of carbonate of mag- i- 
nesia, sulphate of lime, oxide of iron and alumina, sand and 
other impurities. Its colour may be white, grey, slate coloiDi 
or fawn colour. When found in the boiler after blowing <4 
the colour depends in great measure upon the heat to whiflk 
it has been exposed, being lighter on the furnace plates, and 
those over the hot brickwork darker on the stays and upper 
parts of the boiler. Being easily washed out as sludge whei 
the boiler is damp, or swept away as fine dust when dry, tbe 
presence of this deposit often attracts too little attention, and ii 
often overlooked as a cause of over-heating. Its presence ii 
usually made manifest by leakage at the seams and fractoriog 
of the plate edges over the fire, frequently accompanied by a 
gradual and steady depression of the furnace plates both ia 
externally and internally fired boilers. In Cornish and Lanca- 
shire boilers the over-heating is not so much at the crown as aft 
the sides of the furnace where the plates frequently bulge in- 
wards a few inches above the fire bars, the crown being at the 
same time forced upwards^ The presence of grease in combine 
tion with the deposit is easily recognised by heating a amall 
quantity on a red-hot plate, or in a ladle. Grease ia neadf 
always present when the feed is heated by the exhaust steaa 
from a non-condensing engine, or is drawn from the hot wdl d 
a condensing engine. In many cases the system of feed heatiag 
by the exhaust steam, ox ieedixi^ -sf^vth. TR&ter from the hot weU 
has to he abandoned in coTiaec\\xeiic» ol >i5aa V^jjoarj ^^saa W^ 
boiler by the grease so introdwced. 
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The tendency to over-heating when this carbonate of lime or 
drbonate of magnesia powder is present is naturally much iu- 
leased when the furnace heat is intense, either from the nature 
* the coal or the strength of the draught, or from the close- 
38S of the fire to the plates. In fact a very slight increase of 
:iiught from a difference in the setting of the boiler and 
Tangement of damper, firebars, or bridge,, may make a 
Mdded change in the liability to over-heat. Cases have bee a 
et with, where, in a series of boilers apparently alike in every 
opect, only one has given trouble from leaking, fracturing, 
id other effects of over-heating, and it is always found that 
lift boiler bums the most coaln, either from having the best 
nnght, or from the fires being forced in consequence of the 
ridge being too high. When the rate of fuel consumption is 
iduoed to that of its neighbouring boilers, the trouble from 
rer-heating is found to cease. \ 

That a compact homogeneous mass of incrustation should \ 
rove less detrimental to the plates exposed to the action of the \ 
le than a spongy, less solid, or powdery mass, is easily ac- I 
ranted for on the principle that loose sand forms a much worse I 
nuductor of heat than the solid stone from which it has been I 
sduced. By way of illustration it may be remarked that if / 
^e take a kettle or pan, coated inside with i inch of scale, we / 
in boil clean water in it with far less risk of over-heating than / 
r we take a clean vessel and attempt to boil milk or water I 
tiickened with oatmeal, or other like substance. * 

In the latter case in consequence of the accumulation of the! 
keam bubbles on the bottom of the vessel, and the resistance! 
ppoBed to the convection, unless it be promoted by stirring, \ 
he bottom of the vessel will soon become over-heated, the effect ' 
tf which is well known to those experienced in culinary / 
Batters. "^ 

On breaking a piece of hard incrustation taken from the 
x)itom or sides of a boiler, the fracture generally presents a 
leries of layers, partly crystalline and partly amorphous. The 
ftyers are of different thickness, from that of paper to i inch or 
nore. Interspersed with these hard layers formed by the depo- 
dtion of the salts, are frequently found thin soft layers of 
Mrthy matter, which has been held in suspension and deposited 
vhen the agitation of the water has temporarily ceased. It 
nmetimes happens that not two of the numeroxiA XvS^t^ %xv!^ 
OSke in colour, consistency, or chemical coiai^%\t\oTiL) ^ ia^ ^^^^ 
f ibe (iJBturbing inEuence at the souroe of t\ieiQ^«^'^'^:9* "^"^"^ 
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face of the incmstation next to the plate is very often of a 
black colour, ai)d adhering to it is found a film of oxide of iron, 
whilst the surface of the plate is quite soft, and bears unmis- 
takable signs of wasting, sometimes to a considerable depth. 
This is usually caused by the corrosive action of the iron salts, 
and in brackish water by chloride of magnesia (muiiate of m ■g' 
uesium). This last salt is the destructive agent in sea water. 
When concentrated it decomposes at 212°, according to Faraday, 
forming magnesia and hydrochloric acid. The latter on beinf 
set free rapidly corrodes the iron. 

From water containing salts of iron in considerable quantitj 
the incrustation formed has often a red tinge. Chalybeaia 
waters are generally highly injurious to the plates, and the film 
of incrustation next to the iron is sometimes of a deep red, 
colouring the water that comes in contact with it through the 
fissures in the scale, by which the presence of these injuriooi 
salts of iron is easily detected. Some kinds of the softest and 
purest waters deposit small scales in a somewhat curious mannir 
over the plates about -I- inch thick, of irregular shape fro« 
\ inch to 1 inch diameter. On removing these the plate 
is found corroded underneath sometimes to a cousiderabb- 
depth. 

The means in use and proposed for preventing and remo?iB{ 
incrustation may be classed as follows : — 

1. Blowing off. 

2. Introduction into the boiler of chemical agents, to render 
the impurities in the water more soluble. 

3. Introduction of mechanical agents calculated to prevent 
the accumulation of the deposited particles into a solid msM, 
and to diminish their adherence to the plates and tubes. 

4. The employment of internal collecting apparatus, fix)m 
which the deposit can be removed more readily than from the 
plates and tubes. 

5. The improvement of the circulation by braticing or 
separating the upward and downwards currents by plates or 
tubes. 

6. Purification of -the water previous to its delivery into 
the boiler by heating, treating with chemical re-agents, or 
filtration. 

7. Surface condensation. 

8. Cracking off the incrustation, already formed by suddenlt 
expanding or contracting eittier \\i6 ^csiX^ at ^5^aft ^^^ft^Mi^* 

9, Reaioval by manwal labowT. 
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LO. Employment of galvanic or other agents whose action 
lot understood. 

11. Allowing the boiler to cool slowly and completely before 
wing ont. 

L. Blowing off is the readiest, an^ therefore the most fre- 
mtly used means for both the prevention and removal of 
mstation. In most laud boilers the blow-off tap is only in 
imunication with the boiler bottom, and in ' most cases its 
tct is too mnch localised to be of any great value as a pre- 
itive of incrustation. But there are many boilers provided 
h one or more internal pipes, extending from end to end 
og the bottom, aud in connection with the blow-out tap. 
»e pipes are usually carried about 1 i clear of the plates, 
I perforated on their under side, where the holes are not so 
)le to choke up as on the top. The common practice is to 

this bottom blow-out apparatus twice or thrice a day, with 
I boiler at work. 

iVhen this apparatus is kept in good order, experience has 
»wn it to be of marked value where the impurities are heavy 
I sink to the bottom. But when the water contains much 
bonate of lime and carbonate of magnesia, and other ingre- 
nts of light weight, it is found better to blow off after the 
ler has been for some length of time quiet, and the deposit 
I had time to settle. 

Perhaps the best indirect proof of the efficiency of the 
item blow-out apparatus is shown in the liability of the 
w-out pipe to become completely furred up if not regularly 
dy when it renders the emptying of the boiler no easy 
tter. 

rhe fieict of the impurities in many boilers being held in 
pension for some time by the agitation of the water after 
)y cease to be soluble, and floating as scum on the surface, 
I suggested the plan of using surface blow-out apparatus, 
^eral arrangements of this kind have been invented and are 
KnsiYely used. They are all alike in one respect — they offer 
luiet place, free from the agitation caused by the ebullition, 

the deposit to settle in. The deposit that collects is blown 
b at intervals. 
One arrangement, at one time much used, consists of one 

more trumpet-shaped mouthpieces, in which the scum 
lects, placed in communication by vertical -^v^ ml\i ^Xikj^ 
rizontai bottom blow-ont pipe. The moutYi. ^ \)^'e^» ^^iaj^^ 
ieontalljr aatoBB the hoUeVj and facing t\iQ ixon^ ^\i<^ ^ \ci^vX» 
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the surface currents, which always set backwards from the fin 
This arrangement is very objectionable when applied to moit 
descriptions of internally fired boilers as the pipes, both horir 
zontal and vertical, greatly increase the already very ardiKm 
task of clcaninfir out the boiler bottom. It very frequently 
happens that this interference with the sweeping out and 
cleaning produces a greater evil than it seeks to remove, and 
no x>ermanent' advantage can be expected from the iutroductim 
of pipes or other obstacles along or near the bottom of Coniidi, 
Lancashire, and similar kinds of boilers. 

In order to act with equal efficiency as the water level liM 
and falls, apparatus have been introduced to float on the watff| 
but the incrustation interferes with their freedom of action, lod 
in many cases they soon become fixtures. 

Another surface blow-out apparatus consists of a 3-iDchor 
4-inch pipe, with a trough cast on its upper side, communi- 
cating with a blow-out tap, usually fixed un the boiler froii 
This, cast in short lengths to admit of being passed t 
the manhole, extends from end to end of the boiler, and 
fixed so that the top of the trough is just about one inch 
the mean level of the water. In order to be most effecfti' 
such an apparatus should be placed in the middle of the bcilei^ 
but here it would greatly interfere with the cleaning of man; 
kinds of boilers ; and for this reason, and also for facility 
fixing, it is usually placed on one side. It is usual to ha^ 
only one pipe in ordinary sized boilers, but two would ani 
better in a boiler sufficiently large for their admission wii 
interfering too much with the cleaning out. 

The single surface blow-out apparatus, just described, 
been extensively, and in very many cases successfully, used. la 
some cases, however, it has fallen into disuse and been aban-j 
doned, in consequeuce of the little additional amount of 1 
necessitated in keeping clear the perforations along the top 
the pipe, without which they are liable- to become choked 
which renders the apparatus worse than useless, as it in 
always interfere with the free access to some part of the be 
The plan of keeping the perforations clear by introducing 
feed through them has been patented, and has given sa' 
tory results. Since it is absolutely necessary that the 
inlet should be kept clear, this plan ensures the reqvi 
amount of attention being paid to the blow-out apparatua. 

An objection Fometimea lav&od «b%,«\xi%\» ^sqlt^^ra \2>Vs'«m^ out 
the waste it caufces, Y<Lic\x ia fe\».UjL \^ ^%kVH«^gE^ %m^ - 
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it may afford. It may happen that the waste in 
it the hot water may be greater than the loss arising 
eposit it is sought to remove. This will, however, 
on the manner of uuing the apparatus, and as this 
* of some importance, we will consider the principles 
ts eflficiency depends. 

leposits were produced merely by the concentration I 
3r, that is, if tiiey were precipitated only on the water 
b the point of saturation ; and assuming the concen- 
be uniform throughout the boiler, incrustation could 
completely prevented by blowing oflf from any part 
water leveL In this case it would only be necessary 
a quantity of water containing a quantity of salts 
hat contained by the feed introduced. If the feed 1 
1 per cent, of any salt, and it required 3 per cent, 
e it, there would be no precipitate if one-third the 
f water introduced were blown out, the water in the | 
ig thus maintained below the point of saturation. ■ 
ea water contains about ^ of its weight of common > 
the brine in the boile^ should never be allowed to \ 
ble that strength, the volume discharged should be - 
alf the volume of water evaporated. In many cases 
Lsable to allow the brine to rise above double the 
i ordinary sea water, or to exceed -^^ of saltness ; the 
arged should then be equal in volume to the nett feed ' 
the quantity evaporated. The loss arising from 
it is given at page 308. 

dent that the beneficial results obtained from blowing j 
Lne at sea would always be produced with the other • 

they were suspended equally throughout the whole 
ivater in the boiler on ceasing to be in solution, 
tely, however, nearly all the matters excepting the 
da are precipitated by the mere elevation of tem- 
md are no longer in solution at ordinary working ; 
res. The heavy sulphate of lime deposits, the most i 
le to remove, are not long held in suspension. It if«, | 
useless to rely upon blowiug out a large quantity of ! 
revent the formation of sulphate of lime scale. The \ 
rticles of carbonate of lime, which are longest held 
3ion when the water is in agitation, although in 
Aure removable by surface blowing o\ii\i, «s^ "^^^ 
racted by blowing out a large qwantity oi "^^^^t «X. . 
als, aa manj. suppose. Caie€\il o\»«tN«Xi\oTi. \ia» 
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BhoTcn that when either a surfftce or bottom blow-oat tap of i 
land boiler is opened, the deposited matters that have gathend 
in the pipes are copiously discharged all at once. In ordiimy 
cases their flow does not last longer than from 5" to KT. 
Unless highly soluble salts, as those of soda, are present^ tiw 
water discharged after this contains but little incmstatiiOB 
matter, and the blowing out is therefore only a waste. The 
proper manner of using blow-off taps, where the object ii to 
extract the lime and magnesia salts, is to open them at leMt 
every hour, or as soon as the deposit has had time to aeeihi 
mulate in the pipe, for about 10'' or 12'' at a time, rather fha{ 
for (50" or more every three or four hours, whidh is the prevail* 
ing custom. This practice will doubtless cause a gmtv 
amount of wear and tear of taps and packing, and will demaiij 
more attention than is usually given. 

2. The number of chemical substances introduced into hoilMli 
with a view to increase the solubility of the contained salts, 
decomposing them, is very large, and their use has leAJ 
attended with widely varying degrees of success. 

Perhaps the most extensively employed of these sul 
since it is the cheapest as well as one of the most effectiTte^ 
carbonate of soda — the common soda of commerce. White ad^j 
or soda ash, being cheaper, is often used instead, but Is 
effective. Soda is found to act well iu preventing and remoTii 
incrustations, consisting of both sulphate of lime and carl 
of lime. The manner in which the soda and the sulphate 21 
the water react on each other is readily understood. These i 
salts exchange their acids, the result being the formatioD 
sulphate of soda, which is very soluble, and carbonate of Ui 
which, being absent from any carbonic acid in excess, isii 
ble, and precipitates without forming a hard incrustation, 
reaction on the bi-carbonate of lime contained in the feed 
leads to the same result-^the precipitation of the lime saUfcj 
The carbonic acid in excess is seized upon by the soda salt, 
the carbonate of lime is very rapidly precipitated. The osrl 
acid taken up by the alkaline carbonate is however lil 
again by the heat, and the soda is in its original state^ 
ready to act again as before. This is probably the reason 
a very small quantity of soda is found to act with such eflbot J 
a very large quantity of water. 

The carbonate of lime, aftex «ett\in^^ which it doet'ni 
quickly in the quietest par^A oi V^lft^>o^'OT,TeoM2cQAVst^8Bfc'■ 
part AS aludge that can "be eaal^ 'waj^Ve^ wk\., %a\iaaid3M^\ 
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d, and therefore the boiler should be cooled gradually, and ( 
emptied whilst the brickwork and plates are still hot enough | 
take the sludge into a hard incrustation ^ong with the J 
iaie of lime usually found with it. Before settling, this 
Lpitate, in consequence of its minute division, is carried by 
igitation of the water to the surface, and remains for a time 
scum, although the specific gravity of the solid carbonate is 
[t 2'7. For the above reason, when lime salts are present 
ay considerable quantity, the use of soda should always be 
mpanied by frequent and regular blowing out, to prevent 
dug, and the overheating that is liable to take place from 
thickening of the water, or from the settling of a large 
itity of deposit on the furnace plates when the water is 
ved to become quiet — as at meal times. 
he common practice of introducing the soda is to empty a 
cetfuly or other quantity, in the solid state, through the 
Iiole when the boiler is filled and ready to start after clean- 
er else to drop it periodically, at intervals of a few days, 
>ugh the safety valve, when the steam pressure can be allowed 
ftll. Now, there is one great disadvantage in thus intro- 
jig soda into a boiler in considerable quantity at a time, 
lely, the tendency it has to cause priming and all its accom- 
^g evils, even to the breaking of cylinder covers, && The 
ility to cause mischief from the injudicious use of soda has 
uently led to its abandonment, and, like many other useful 
its, the evils attending its abuse are worse than the evils its 
.cious employment would remove. 

lie plan of introducing the soda into the water tanks or hot- 
Ls of condensing engines from which the boiler is fed cannot 
:«conunended, as a great quantity of the water usually runs 
raste, and consequently no proper estimate can be formed 
he quantity of soda that actually reaches the boiler. The 
b method in all cases is to dissolve the soda, and introduce 
outinuously with the feed, which can be done by connecting 
vessel containing it with the suction pipe of the pump that 
plies the boiler. The rate of flow can be regulated by a 
dl tap between the suction pipe and the vessel containing the 
a. When the boiler is fed with an injector, there should be 
nail tank from which the feed is drawn, in which the soda 
be dissolved. This tank should be draiued by the injector 
n time to time, to insure the introduction o£ aXi ^^^cAvvsiXa 
boiler. The proper amount of soda to be "n^eOi \a\>eaX. toasi^ 
zperienoe. The usual quautity varies fcom 1 ^- ^»^ ^\^^' 
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per day, according to the quality and quantity of the water 
evaporated. With soda a«h a larger quantity will be required, 
and with cauHtic soda a smaller quantity. 

\Vlien used in excess, soda is by many considered to destroy 
the engine packing, and to attack the brass work below the 
water level, such as the water gauges and other mountings oh 
the boiler front. There can be no doubt that the brass tapi 
and valves often require more frequent regrinding to keep them 
tight when soda is used in the boiler. This, however, may be 
attributed to the increased amount of fine grit and powdtf 
caused to float on the surface, which acts rapidly on the hnm 
wearing surfaces, and is another reason why an efficient snr&oo 
blow-out should be provided when soda is used in water con- 
taining much carbonate of lime. 

Soda does not act injuriously on the boiler plates, onleflBthe 
salt is concentrated from want of sufiicient blowing off, or 
unless the soda itself is impure, and contains acids. Yet it 
has often been charged with causing internal corrosion in all iti 
various forms. The belief in its injurious action has in mu^ 
cases arisen from the following cause. In boilers fed with wiier 
containing corrosive impurities, together with matters that fon 
a thick incrustation, the damage done by the former is in tima 
to a great extent prevented, and sometimes altogether ooo- 
cealed by the scale formed. On employing soda, and partioultfiy 
caustic soda, to remove the incrustation, the defects in tin 
plates, whose presence may not even be suspected, become ex- 
posed, and being attacked anew by the acids in the water used 
for washing out the boUer, which are not neutralized by the 
soda, are caused to '' bleed." This gives them the appearance 
of having been recently formed, and their presence is at onee 
set down to the action of the soda. 

This leads us to the consideration of another valnable 
property of common soda, namely, its power of neutralising the 
free acids so often found in the purest waters used for boiler 
feeding, as well as in those containing large quantities of iffl* 
purities, and which are the direct cause of pitting and other 
forms of corrosion. The introduction of about half a pound of 
soda per day into an ordinary large-size<l boiler is generally 
found sufficient to prevent, or at least to greatly mitigate, any 
corrosive action. 

The well-known property ftod?L\i«»a o^ ^\s>^q\n\w^ v\d remoying 
grease, which constitutes one oi \\a c\i\Ql ^«\ws» ^\\ssft. xor^W 
domeatio purposes, rendera Vt ^©^^ \jL^vd\iS. *m qnw»\sssb%"^ 
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ifScnlty often caused hy the presence of grease in the water. ' 
he foaming up of the water is increased by the addition of : 
xia when grease is present. This, if allowed to take place to 
ay groat extent, is liable to gi^e trouble by priming ; and : 
g^n, on this account, a scumming apparatus or surface i 
low out should be used whenever soda is used with greasy ' 
rater. 

The low price of soda-ash leads to its use instead of common 
Mia ; but it is often sold in a very impure state, and mixed up . 
ith other matters whose introduction into the boiler had better 
e avoided. 

Caustic soda is also used, but is said to have a slightly corro- 
ive action when concentrated. It removes hard sulphate of i 
me incrustations more rapidly than common soda, and should j 
e employed in smaller quantities. Its use should always be / 
Boompanied with frequent blowing off. 

Potash, or carbonate of potassa, acts with salts of lime and 
Hignesia nearly in the same manner as common soda. Carbo- 
ate of ammonia acts similarly on lime salts, but does not pre- 
{litate magnesia. 

Chloride of barium or muriate of baryta decomposes sulphate 
flime, forming sulphate of baryta, which is precipitated. The 
hloride of calcium or muriate of lime left behind is very solu-^ 
le, but when allowed to become concentrated is liable to lead 
) corrosion. 

The above, and many other chemical compounds, have been 
eoommended for the prevention of incrustation, but as none of 
hem can compare, commercially speaking, with soda, they are 
lot likely to be much used. ""^ 

Catechu, nutgalls, and other astringents containing tannic \ 
idd, have been found effective in preventing and removing in- 
imstation. The tannic acid decomposes the lime salts, and 
!<vm8 tannate of lime, which is insoluble at first, and forms a ', 
icam which should be removed by surface blowing off. The 
remaining soluble constituents should also be blown off fre- ■ 
)iiently, as their concentration is liable to tell severely on the 
ion unless the acids be neutralised by sufficient alkaline sub- 
itances purposely introduced. Where tannic acid is found to 
let well, perhaps the best mode of supplying it is to suspend in 
die boiler a log of oak wood with the bark on, from which the ' 
usid is graduaJJjr extracted. In all cases wYiexQ t^i-sim^ ^^\^ H:^ 
WBd, itB effect on the plates and tubes E\iO\i\!^ \>^ OAS^'iv^i^ 
iidtecL 
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Sal-ammoniac, or muriate of ammonia, has also been sncoen- 
fully used for preventing and removing incrustations, consist- 
ing chiefly of carbonates of lime and magnedia. The chlorine 
contained in it forms with the lime chloride of lime, which a 
soluble, and can be got rid of by blowing oflT. The remaining 
compound, namely, carbonate of ammonia, is soluble, and alio 
volatile, and may pass off with the steam ; but when it becomes 
concentrated, it attacks the plates and braaswork about the 
boiler, and on this account the use of sal-anmioniac is said, in 
many cases, to have been abandoned. 

For removing incrustation already formed, hydrochloric or 
muriatic acid has been recommended. It is usual to iutrodnoe 
it before the boiler is cooled down previous to cleaning. It 
dissolves the deposits of carbonates of lime and magnesia, foim- 
ing the soluble chlorides of lime and magnesium, which pui 
away with the water on emptying, or being in a state of sladj^ 
can be readily washed or swept out. Unless used with veiy 
great care this acid is very liable to attack the plates and tabes 
seriously, and on this account its employment cannot be reoooh 
mended. Arsenical and other compounds have also been le- 
commended and used in a limited degree. One important 
circumstance in connection with the employment of these sab- 
stances should be noticed. On account. of the expense attend- 
iDg their use it is too often recommended not to blow out the 
water from the boiler for a length of time, during which ih> 
boiler is working, in order to get the utmost benefit from the 
ingredients. The effect of this is to thicken the water to such i 
degree by the concentration of solid matters as to endanger the 
safety of the boiler from overheating. 

It frequently happens that there is a choice of two waten 
for feeding the boiler ; the one a spring or brook, containing 
ingredients that form a hard incrustation, the other a suxftce 
water containing peatly or other acid substances, which set' 
injuriously on the plates, but at the same time dissolve the 
calcareous matters deposited by the first. In such cases it v 
found of great advantage to play one water ofiT against the 
other, the hard water being used first to protect the plates, and 
the other afterwards to remove the incrustation formed. 

The use of chemical substances for preventing and removiog 

scale by rendering it soluble is most required in boilers inaccee- 

(dble for hand cleaning, or for tVve «oVo\>\oTi oi Ux^e fragments of 

scale that have been loosened or dela.<:^ift^ Vs ^«i2^a VJwi^ %*» 

njechanic&Uy ; and as sucla "boViexa cMiiio\»^i«i ^^ vun^ae^ 
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internally, the greater care is necessary not to introduce any- 
tiiiug into them that is liable to injure the plates. 

3. The substances used to act mechanically in preventing 
and removing incrustation by decreasing the cohesion and ad* 
liBsiou of the deposited particles, are even more numerous than 
those employed to act chemically in decomposing and dissolving 
the solid matters. In fact it i^ difficult to mention any common 
commodity that has not been employed to prevent incrustation 
in one way or the other, although t^e manner in which different 
Mibstances may act is often not understood by those who employ 
them. 

The substances that act mechanically may be divided into two 
classes, namely,' first, those th.it envelop the precipitated soli I 
particles in a glutinous or slimy coating, which prevents their 
adherence to each other, and to the plated and tubes ; and, 
teooudly, those that act by diffusion among the particles, so as to 
prevent their cohesion by iuti^rposition. Belonging to the first 
idass are such articles as Irish moss and some other species of 
marine algae, potatoes, tallow, oil, starch, linseed, sugar, 
molasses, stearine, gum, dextrine, and a host of similar in- 
gredients. Flitches of spoiled bacon have been cue up and put 
iuside boilers, bones and all. In a few instances whole dead 
esroases of pig4, dogs, rabbits, and other animals, have been 
introduced, v^ith the object of boiling the fatty matters out of 
theji. The danger of using such expedients as those last 
enumerated need not be dwelt upon. However well the use of 
greasy substances may have been found to answer in individual 
cases, it has nevertheless been the cause of an immense amount 
of trouble. It has already been pointed out that grease is a source 
of danger in a boiler, and on no account should it be used, 
especially when the feed water contains carbonates of lime and 
msguesia. The majority of the above substances are largely used 
in different countries ; and the benefit resulting from their em- 
ployment in many cases cannot be disputed. But the common ' 
practice of introducing lumps of tallow and other substances 
Cumot be too strongly condemned. The tallow of commerce ' 
Varies considerably in its nature, and in its behaviour inside a 
boiler. It is usually assumed that it melts immediately the 
vater becomes hot, but there are numerous instances of large 
pieces of unmelted tallow having been found inside a bailei 
i after working for two months at 40 lbs. pteaawx^ ox isiox'a* \\i. 
fouie cases the tallow seems to change its uatnt© on.\i^CiOTcia.\i^^"t- 
melted by the at jam. It sometimes coLnb\utt& m\.\i\\i'b c»Xt«x%aQNy 
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matters, and forms into small round baits, by being rolled aboai 
the boiler bottom. These are easily removed when the boilei 
is cleaned out, but are liable to cause trouble if they lodge on 
the furnace plates. The tallow appears to combine with the 
lime salts, forming an insoluble soap, which will remain fui 
any length of time unaltered in the boiler. The introduction 
into a boiler of ^ome of the glutinous substances mentioned hits 
sometimes a wonderful effect in detaching large pieces of incraa- 
tatiou that can only be likened to flags. The greasy matter 
insinuates itself in an irresistible and curious manner between 
the layers of scale and the plates, and the variations of tem- 
perature or a few blows with a hammer complete the detach- 
ment. Some of the more viscid substances act better than oil 
in this respect : they appear more searching and teuaciou:). 

Belonging to the second class are clay and similar substances, 
which are mixed with water and introduced along with the feud. 
Mixing intimately with the other solid particles as they beconu 
disengaged, the clay prevents their cohesion. This action is. 
however, by no means certain, and it is obvious that this ex- 
pedient only adds to the solid matters held in suspension, whicl 
too often find their way to the engine cylinder, and are vei] 
liable to settle upon the furnace plates when the damper ii 
closed and the boiler is quiet at meal times and over night 
Experience has proved the disadvantage of this method, and i 
is now but very rarely employed. Colouring matters, such ai 
logwood, are found to act in a similar manner to the above ii 
preventing the cohesion and accretion of deposit. Theyar 
introduced either in the form of powder or chips. In tb 
former shape, however, the substance is likely to cause troubli 
at the cocks and valves. 

In order to prevent the adhesion of the deposited matters,! 
is a common practice to smear the plates and tubes over witi 
slimy or oily mixtures every time the boiler is emptied an( 
cleaned. A favourite mixture consists of tallow, blacklead, ani 
soft soap ; railway grease and other similar substances beiuj 
sometimes added. Provided the coating of grease is thin, au< 
laid carefully on with a brush, it is far less objectionsble thai 
the introduction of grease into the boiler in large pieces, o 
even in a fluid state, when it is always liable to stick to th 
plates and cause overheating. There are many cases wher 
boilers fed with water contaiumg sviVp\i«b\.^ o€ lime have bee: 
kept very free from incrustation. ^"ViftuV^ia wxi^wm^Sa^^^'SBS 
nd carefully carried out. 
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- There is yet another way in which foreign particles added to 
the feed water, and which have no tendency to cohere or con- 
glomerate, act in preventing the hardening of the incrustation 
<m the plates. They form nuclei, round which the particles of 
lime and other salts collect before they subside. These centres 
of deposit do not readily agglomerate, and can be easily removed 
by washing out. Sand, and sawdust of different kinds of wood, j 
hot principally mahogany, have been used with this object, i 
The great objection to this method in some cases is the liability j 
of the small foreign substances to be carried over into the i 
cylinders, and there cause trouble ; and the employment of j 
Bach a substance as sawdust is not conducive to safety and con- / 
Tenience in working the taps and valves about the boiler. ^ 

A great number of the proprietary anti-incrustation compo- 
sitions act mechanically, others depend upon a chemical action 
lor their alleged efficiency, whilst a few aim at supplying both 
modes of action fbr the prevention and removal of incrustation. 
These compositions are often sold as being efficacious with oil 
lands of water. The possession of any such efficacy is scarcely 
worthy of emphatic deniaL A composition that may act bene- 
ficially in one kind of boiler, and with a certain water, may 
prove actually, dangerous when used under different conditions 
of boiler arrangement and water. The remark may be here 
Tepeated, that with a view to prevent wasting any of the 
eomposition, often purchased at an exorbitant price, a recom- 
mendation is frequently given not to blow off the boiler for some 
time, perhaps a week, after the composition is introduced, in 
order that it may be used to the greatest advantage. This 
advice should never be followed, as the bottling up of a boiler 
for a length of time, and thereby concentrating a large quantity 
of carbonates of lime or magne^^ia, in combination with greasy 
or glutinous matters, is attended with great risk of overheating. 
There is also another consideration which should not be over- 
looked : the purchase of these nostrums has often an indirect 
tendency to make matters worse rather than to improve them, 
for their certain efficacy is so highly lauded by the vendors that 
the boiler attendants think they have nothing else to do than 
introduce the composition according to directions, and spare 
themselves all further trouble of carefully removing the scale 
hy chipping or washing out when the boiler is periodically 
emptied. The result of this is annoyance, expense, ^\A ^x^m^ 
dtB^ger, Inatancea may he cited where the pxtt^^-aa^ ol «» '«'^- 
iaown uiti'mcraatation compound to the extend, oi T\ft«sS:3 
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£200 per annum has only resulted in Bbortening the life of the 
purchasers' boilers by 50 per cent. 

4. Besides the bottom and surface blow-out apparatus, the 
plan has also been tried of suspending in t^e boiler independent 
vesseLi of various descriptions, blocks of wood, pieces of sheet 
iron, and other suitable contrivances for the deposit to settle 
upon instead of upon the plates. These can be taken out of 
the boiler and the scale removed by hammering, or cracked off 
by sudden expansion and contraction. This principle is most 
fully carried out in the method, T^hich has been to some extent 
adopted, of lining the boiler shell with a series of short lengths 
of plate, which are kept a few inches distant from the boiler by 
suitable distance pieces, forming, in fact, a duplicate bottom 
and sides, which terminate a few inches below the water level 
By this means the passage for the escaping steam particles and 
ascending current of water is contracted, and the rapidity of the 
circulation increased in proportion. The solid matters carried 
by the circulation over the top of the plate are deposited on the 
inside lining, where the water is comparatively ^uiet, whence 
they are removed bodily with the lengths of plate through the 
manhole. It is obvious that this plan is most applicable to 
plain cylindrical boilers. The objection to it appears to be the 
difficulty it offers to cleaning and examining the boiler plates 
when the casing becomes too thickly coated with a hard incrii»- 
tation to admit of ready removal and replacing, which it will 
inevitably do in course of time, with very bad feed water, unless 
care be taken that the boiler is not cooled down rapidly 
previous to emptying for cleaning. So long as the boiler 
is gradually cooled and emptied cold much of the depout 
will remain soft, in which state it would also be found, at 
least to a great extent, under the same conditions without the 
casing. 

5. The prevention of the deposition of the solid matters 
where they would prove troublesome, is effected by improving 
the circulation of the water either lotally or throughout the 
boiler by the method last noticed, and other similar devices, as 
well as by the addition of water tubes in Cornish and Lanca- 
shire boilers. There are several patented arrangements of 
tubes for improving the circulation and increasing the amount 
of heating surface in boilers of limited size, which are said to 

I remsdn free from scale by virtue oi Wie ^^xc;^)^».\.vQ>\i \naintained 
Kin'^Ziiii them. This is true -witVi incA«t%.\fe\^ ^wA ^^^t^vd^ 
Mere they are well, attended io, \>\ii\. ml\iN^xi\«^Vift^^\^ 
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lary attention most kinds of ''improved circulation" 
i be found to give trouble. 

Q employment of external collecting yessels in which 
reous and other matters are deposited previous to the 

of the water into the boiler has long been in voguo as 
itive of incrustation. The carbonate of lime may be 
ted in close or open vessels or in pipes, by the applica* 
he waste heat from the boiler, or by heating the water 
I exhaust steam. In order to throw down any cou- 
> quantity of sulphate of lime, the water must be very 
eated, and pipes placed in the flue may be employed, 
ident that this is only removing the annoyance one 
us the incrustation which forms in the secondary vessels 
ru requires removal. It is on this account that this 

purification is not more extensively adopted. It must, 
, be urged in favour of this system that when the cal* 
matters are extracted in sufficient quantities to keep the 
i a satisfactory condition, the danger from overheating 
le removed. 

'lark's well-known process of purification comes under 
d. Instead of applying heat, this method consists in 
i measured quantity of lime in solution to the water 
ug bicarbonate of lime. The added lime combines 
with the carbonic acid, and the resulting carbonate of 
precipitated along with the disengaged carbonate which 
1 in soldtion as a bicarbonate. 

1 the water contains also sulphate of lime, this may be 
ently precipitated by the addition of soda salts. Indeed, 
3 lime salts could be precipitated in a single process by 
>u of carbonate of soda, but the double process would 

Y prove less costly in the long run. In these chemical 
iS the water should be analysed, and the proper amount 
or soda to be added determined by actual test. Where 
ntity of lime salts varies considerably at diflerent times, 
lemical processes are scarcely applicable, iu consequence 
number of tests necessitated to arrive at the proper 

Y of lime water to be added. Clark's process has been 
3d to some extent with success, but it appears too deli- 
its application to come into general use. When com- 
carried out, the purified water requires filtervn^^ ^.Tid. 'Oc^ 
ates the employment of two or three sepdXBAi^ X^\!^&.^> ^x:^^ 
nt of attention which is not ea^y obtained.. \\»Sa^'^^ 
Ijr where the water available is ao \>«A «a V> >oe q^^^Jw 
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unfit for use that this system is employed. The space occapied 
by the exterDal collectiug vessels and their additional weighty 
renders the plan inadmi8f^ible in many cases. It may be le- ,| 
marke<l that many of the anti-iucrustation compouuds might be 
applied with more advantage and less danger in external purify- 
ing vessels than in the boilers. 

7. Ill those cases where the feed water holds much foreign 
matter in suspension, usually in the form of sand or clay, it 
is advisable to resort to filtration, by forcing the water up- 
wards through a series of layers of pebbles, bones, or other 
suitablt^ materials. These, in their turn, require frequent 
cleaning, which is usually best effected by turning on ft 
current of steam or hot water through them as often as found 
necessary. 

8. The system of surface condensation, found so efBcaciou 
with salt water in sea-going steamers, has made remarkaWj 
little progress in its application to laud boilers and condeusing .| 
engines. 

This system consists in passing the steam from the cylinders 
in one direction over the internal or external surface of a num- 
ber of tubes, where it is condensed by contact with the surface, 
cooled by a stream of water (or, more rarely, by a current of 
air) passing continually in the other direction and on the 
other side of the tubes. The condensed steam is thus ren- 
dered capable of being used continuously over and over again, 
in the boiler. There can be no doubt that this method could 
be applied with advantage in using many descriptions of water 
acidulated, or impregnated with salts that cause trouble in the 
boiler. 

It has been found that very pure or distilled water acts 
injuriously on the plates, and in most cases where surface con- 
densation is used it is advisable to allow the internal surface 
of the plates and tubes to become covered with a very thin 
coating of incrustation, in order to protect them from the 
corrosive action of the water. This coating, in some cases, it 
will be found necessary to renew from time to time by using 
a certain quantity of water containing lime-salts, which it may 
be necessary to supply artificially. 

In some surface condensers the side of the tubes in con- 
tact with the steam is found to become coated and clogged 
with grease. This can be best xemoN^^ \yj -^^s^ioSxi^ mth aa 
aqueous solution of soda or potaab.. 
In using sea water for s\uia«© coTi<i«Ba»i«assa. Tift NsKwa^"* 
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ikely to arise with the water side of the tubes ; but in using 
^h water, containing bicarbonate of lime, the elevation of 
bemperature will cause the precipitation of the lime salt, 
irhich i^ill rapidly incrust the surfaces it comes in contact with, 
ind so impair the efficiency of the apparatus. It is, perhaps, 
ya this account that surface condensers are not so applicable to 
many kinds of fresh water as to sea water. 

It has also beeu found that the grease carried over from the 
engine cylinders, in using the condensed steam unchanged for 
ft lengthened period, acts injuriously in pitting the plates and 
iron tubes of the boilers. This defect has been ascribed by 
nany to the decomposition of the grease and tallow by the 
protracted action of the steam and hot water, by which a fatty 
fteid is formed that attacks the iron where the grease lo(]ges. 
The fact of small particles of brass and copper having sometimes 
been found in the pitted holes, has given rise to the opinion 
that the corrosion is due to galvanic action. This supposition is, 
Iwwever, rendered improbable by the fact of the pitting being 
often more marked when no brass or copper is, or can be, 
ptest^nt. The action of the acids can be prevented by intro- 
dnciug solid carbonate of lime or other substances having 
aimilar chemical properties, which will form with the acid a 
ai^ insoluble soap. This plan is, however, open to the 
objection that the heavy compounds are liable to settle upon 
ihe plates or tubes, and cause overheating. 

9. When incrustation has once formed the safest plan for 
its removal is to chip it off carefully with suitable tools. 

' This is sometimes a most laborious and slow operation where 
the construction of the boiler is at all complicated and the 
•cale is refractory. In such cases the chipping is by no means 
ft simple process, and the ingenuity of the engineer is often 
taxed to devise suitable tools for acting effectively on inacces- 
lible parts of the boiler. The chipping should always be care- 
lolly done, so as to inj are the surface of the plates and rivet 
lieads as little as possible. Bf* rough and careless workmen 
the indentations made in the iron with the chisels and picks 
only serve as so many points for the firmer adhesion of the 
Male subsequently formed, and from which it is always more 
difficult to remove than from the unbroken surface of the 
; plates. Any corrosive agent present in the water ha% al&o 9> 
;hrtter opportunity for attacking the iron N?\ieii ^^la «vsa^^Q»\sik 
koken, 

10. Perhaps the most objectionable met\iO^ ol x«aiON[^\^^6 
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the incniatation, although frequently employed, is to onck 
it off by suddenly contractiug or expanding the plates or 
the incruHtation itself. The contraction is effected by sad- 
(leuly letting into the boiler, after bib wing off with the. Rteaa 
up, a volume of cold water, or opening wide the foraace 
doors, chimney damper, and entrances to the flues as soon ai 
tlie fire is drawn. This is often found to bring the scale off 
in large fragments, or so to loosen it that it falls off daring 
the subsequent working of the boiler, if it does not readily 
admit of b^ing immediately hammered or wedged ofL T^ 
consequences likely to aiise from this reckless practice are too 
obvious to require special comment, suffice it to remark that it 
has directly caused the destruction of many a boiler, and indi* 
rectly the loss of many a life. It is an expedient too often re- 
sorted to by attendants who have an interest in showing the 
apparent efficacy of many worthless boiler incrustation remedies. 
Unscrupulous vendors of compositions and other alleged methodi 
of removing incrustation have been known to bribe IxHler 
attendants, who, in order to convince their employers of tlie 
alleged benefit arising from the use of the vaunted nost^un, 
are compelled to have recourse to the reckless measure in 
question. 

The removal of scale by expansion is effected by cooling 
the boiler down, either suddenly or gradually, and allowing it 
to stand until quite cold, when steam superheated, or as hot 
as it can be procured, is let suddenly into the closed-up 
boiler. This has the effect of causing the incrustation to ex- 
pand more rapidly than the underlying plates, when it breaks 
and falls off, or loosens its hold sufficiently to admit of being 
easily removed by manual labour. This expedient is only 
sometimes successful, but is always attended with a risk of 
starting the seams and joints, and so causing injury to tho 
boiler. Its use cannot therefore be recommended. it hai 
often been tried and failed, especially when the outside of tlw 
boiler is still warm, and th% incrustation is covered with 
moisture, which prevents the sudden effect of the steam where 
it h required. 

11. Attempts have been made at various times to^reveut 

the formation of scale, and to remove it when already formed, 

by magnetism. The manner in which the electric current is 

Induced in some of the so-caWed xn^^i^^VA \.VMi.t h&ve been em- 

ployed JB by no means clear, and m ^om^ \\kaNAXi<sfi^ \Jba 'S?^ 

duction of any electric action \a moie ^iliiwx ^oiv^jMx^ Kb^. 
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'en supposing a current to be produced by the disturbance of 
e electric equilibrium, in the disengagement and discharging 

the steam, the whole electric force, even when concentrated, 

probably so small in amount under the unfavourable con- 
tions found in a boiler, as to be of no practical importance. 

Again, the manner of action of the electric current in pre- 
mting the deposit from forming or hardening is not known. 
Whether a vibration of the plates and tubes is caused, or 
hether they are fuade to expand and contract continuously, iu ' 
ich a manner as to loosen the scale and prevent its adherence, - 
by no means dear, and it is certain that any such actions 
mid only prove detrimental to the boiler. / 

The employment of electricity as an anti-incrustative agent 

almost abandoned at the present day, but we may shortly 
cpect a revival of it in one form or another. 

That this means of removing scale has been stated to be 
looesaful on what should be good authority there can be no 
>ubt. But in more than one case it has been found that 
lid and not electricity was the agent to which the incrustation 
elded. Any unscrupulous boiler attendant, by suddenly 
toling the plates when emptying the boiler, can produce 
suits which he can ascribe to the efficacy of any kind of 
iti-incrustator it may be to his interest to extol. 

12. The simplest, and at the same time the most neglected^ 
ethod of preventing and removing incrustation, is to allow 
16 boiler to cool as gradually as possible, and to stand with 
16 cold water in for a few days before emptying, which should 
\ done frequently. By this means, which, however, in most 
ACS requires the use of a spare boiler, the deposits are saved 
om being baked hard and fast to the plates, and the sulphate 
' lime already indurated has an opportunity of redissolving iu 
LB cold water, and on emptying a boiler with moderately bad 
iter, a much greater amount of silt, mud or sludge will be .- 
and all over the inside below the water line than when the y 
lUer is blown out with steam up. ■ 

Now, the difficulty of getting men to undertake the unplea- 
nt job of wallowing amongst this wet mud in the attempt to 
nsh it out of some kinds of boilers is the principal objection 
6 advocates of this plan have to contend against. The labour 
n, however, be much shortened by washing out the sludge 
ith a hose pipe when a head of water is aiYs^oXAid "^^^^-t^^ 

ibi9 simple method, and the use of a smaW q\x«b\i\.Wi^ ol ^o^"a»> 
9 been relieved from tha evil of thick mct\ists.\.voxL ^Ix.'^^ ^^^^ 
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failure of many expensive boiler compoBitions. Against this 
method it is sometimes urged that the bottom blow-out pipes 
become choked up unless the boiler contents are emptied while* 
there is still a considerable pressure after the fires are diawn. 
This objection always proves a defect in the arrangement or 
attention to the blow-out apparatus rather than any defect 
involved in the principle recommended. When it is required 
to cool a boiler down rapidly, it will be found best to run in 
cold water at the same rate as the hot water is discharged. 
By this means the cooling is effected rapidly, but gradually and 
uniformly. 



CHAPTER IX. 

WEAR AND TEAR. 

>M the hour a boiler is set to work it is acted upon hy 
ying forces more or less severe and uncontrollable in their 
3f deterioration. These forces may be distinguished as 
lal and mechanicaL In most cases they operate inde- 
itly, yet they are frequently found acting conjointly in 
ag about the destruction of the boiler, which wDl be more 

rapid according to circumstances often difficult to detect 
upon with certainty, 
rosion, internal and external, but more especially the 

is the malady that most boilers are liable to suffer from, 
^rnal corrosion preseuts itself in various forms, each 
r a character of its own, but only sometimes strongly 
d. These are usually designated as — 1, uniform corro- 
r wasting ; 2, pitting or honeycombing ; and 3, grooving, 
rst mentioned is the effect of the chemical action of the 
'ater or substances introduced into the boiler ; the second 

due to chemical agents, assisted, as held by many, by X 
tic action ; the third is due to chemical and mechanical 

combined. 

uniform corrosion is meant that description of wasting 

plates or tabes, where the water corrodes them, iu a 
or less uniform and even manner, in patches of coiisi- 
e extent, and where there is usually no well-defined line 
m the corro'ied part and the sound plate. Although 
1 so uniform in its effects as ordinary rusting, this coiTosiou 
^preaches it in its character and effects. The presence of 
I well as of the other kinds of corrosion is generally not 
It to detect. Even when covered with a considerable 
rss of incrustation its presence is often revealed on 
ing the boiler by the " hleedingy^ or te^ %\,Tft«ka, VCkWt^ 
le 18 cracked. But in some cases, even 'wkftx^ \i>aft ^«X«%. 

from incrustation, uuiform conosion, m <iou^a^'2iv^^^ ^'^ 
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its even surface and the absence of any well-defined limit to its 
extent, may readily escape detection. Often, when actually 
discovered to exist, the depth to which it has penetrated can 
only be ascertained by drilling holes through the plate and 
measuring the amount of material remaining. With lap joints 
the thickness remaining at the edge of the plate and round the 
rivet heads may serve as a guide to the amount of wasting ; bat | 
this may prove treacherous, since the adjacent plates may both 
be corroded to an equal extent along with the rivet heacU| 
which will give the edge of the plate the appearance of having 
the original thickness. 

Cue of the mo-it remarkable circumstances in connection with i 
all kinds of corrosion is the apparently capricious manner in j 
which it makes its appearance. For example, in two boikn ' 
alike in every respect, fed with the same water, and subject \o, 
the same treatment, one may be found attacked at the front end 
and at mid-height, whilst the other may be afifected only on the 
bottom at the back end. In such cases there can be little 
doubt that the difference in the quality of the plates for re- 
sisting the corrosion has much to do with the apparent caprice 
of the acids in the water. The water from some wells and 
mines, and from certain canals and streams, attacks the plates 
violently only at the water line, whilst throughout the rest of 
the boiler the plates are comparatively or absolutely unharmed, 
lu bome instances this is veiy marked, the iujury done to hori- 
zontal boilers being confined to a belt of about 6 inches or 
8 inches at the water level, and in long vertical boilers to a belt 
of about 24 inches, according to the range of the water level 
The boilers in some districts are attacked by surface and well 
water only on the bottom, whilst in neighbouring districts the 
tubes are attacked more than the shell, or vice versd. In one 
case the corrosion is chiefly confined to the bottom of the fa^ 
nace tube, in another it is limited to the narrow water spaces 
at each side of the tubes in Lancashire and similar kinds of 
boilers. The water in some localities, whilst but slightly acting 
upon the body of the plates, attacks the rivet heads or edges of 
the plates and angle irons. Sometimes it happens that it is 
mainly the transverse seam rivet heads and plate edges that aro 
attacked, sometimes the longitudinal seams ; out of 100 riveti 
10 may be seriously afl'ected whilst the rest remain sound ; or 
the outer courses of plates on tliQ bottom. 9xq affected more than 
thff inner courses. The »taya are oi\.<6u iax TXiErc^ t^^\^ -^^sfc*^ 
than the phtea. A screwtd avay ^VW \i^N\o\«u\Xi ^XJ^'SkA.* 
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the thread whilst the unbroken or turned snrface will escape. 
In fact, it is almost iinpoRsible to conceive any vagary the acid 
in the water could commit, examples of which are not to be met 
with. This apparently capricious action of the corrosive agents 
is to b^ ascribed to their gravity, to their concentration in 
certain parts of the boiler, to their action being increased where / 
the temperature of the plates is highest or lowest, to the circu- / 
ktion of the water, to the nature of the iron, and to other / 
more hidden causes. * 

With the feed water from one supply only, corrosion is found 
more often under an incrustation of sulphate of lime than under 
one consisting chiefly of carbonate of lime. In many boilers fed 
with water containing the former salt a coating of oxide of iron 
of a black colour may be found adhering to the detached scale, 
iriiioh as often as it re-forms and is broken off brings with it a 
fresh film of oxide. 

Another peculiarity worthy of notice is the different manner 
in which the plates and rivet heads behave with different kinds 
of waters after the wasting has been going on for some time. 
In most cases the corroded iron is readily removed, if it does 
not come off without means being taken to detach it. But 
cases are to be met with where the corroded iron adheres tena- 
donsly to the sound plate beneath. In such cases considerable 
force is required to remove it, and the presence of the corrosion 
IB not suspected until the hammer or pick is forcibly applied. 

It is the opinion of many that the presence of a small pro- 
portion of carbon in steel will preserve it in a great measure 
from the wasting effect of bad feed waters. No doiibt it does 
10 almost totally with some waters, but with others it appears 
to have the opposite effect. 

Unlike ordinary internal corrosion, the extent of the effects 
of pitting and honeycombing are well marked by the sharply 
defined edges they present. The term honeycombing is most 
aptly applied when the plates are indented by very small holes 
dose together. Pitting may be defined as confluent honey- 
combing, and is fouud in holes and patches varying from 
\ inch to 12 inches diameter, and assumes most irregular forms. 
The depth of the cavities Varies from -g^^" to J inch or more. 
This form of corroHion is certainly most capricious in its attacks. 
It may be found on every plate of a boiler in contact with the 
Water, and sometimes in the steam spaces and doxne^ \ ox*^ xn^ 
^ found only on a Bingle plate either above ox \>^\o^ ^Jci^ ^«X«t 
&*/ wbilat the remainder bear no traces of tsorto«voxL^V"6^ft's«t, 
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Boilers fed from the same water main and worked under simO 
conditions are sometimes found pitted in strangely differe 
manners. Out of half a dozen hollers made of plates of the m. 
hrand, and worked side hy side, one may he found so severe 
pitted as to require the renewal of one or more plates, vhi 
the other five hoilers remain not at all or scarcely affected. 

The mysterious manner in which pitting so often occurs, & 
its peculiar character, have not yet heen altogether satisfactor 
explained. It was once commonly ascribed to voltaic acti 
between the iron plates and the brass tubes when found in lo( 
motive boilers, but this theory was found to break down wh 
the same pitting was found in similar boilers with iron tub 
and having neither copper nor brass near the portion affect< 
It was then advanced that the voltaic action took place hetwc 
the different qualities of the scraps composing the plates, whi 
are understood to exhibit different electric conditions, i 
electro-positive metal of the battery acting on the cbemi 
solutions in the water, and becoming decomposed. Thei 
was advanced by the supporters of this theory that pitti 
would not occTir with an electro-homogeneous metal such as c 
steel, since the third element would be wanting. But cast-st 
plates have been found to suffer from pitting as much as ir 
and even more with some waters ; yet with other waters wh 
severely attack wrought iron steel is found not to suffer in 
least. The pitting of cast steel either proves that it is not 
electro-homogeneous metal it was supposed to be, or that 
pitting of boiler plates is not due to galvanic action, unless 
electro-negative element, as well as the exciting agent, 
present in the water. The sharpness of the edges of the cavi 
is stated to be increased as the intensity of the volt 
action increases. 

After all that has been said and written on this question 
would seem that the phenomenon of pitting can in most cases 
just as satisfactorily explained as being the result of sim 
chemical action without the aid of galvanism. 

The concentrated acids of the water will attack the m 
susceptible portions of the plates. Whether the plates in 
steam space are attacked or not vvill depend upon the nature 
the acids, whether they are volatile or not, or whether the liq 
acid is carried into the steam space by priming. 

The wasting of the inside of locomotive firebox shell pit 
' round the copper stays is genetaWy sfc\i ^o^Ti\»'^^'aaR ^k^vss^, 
what degree tlds may be the aAstviel q&\)a« <i%jMXG\»xfe«^^\»^ 
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nined, .but there can be no doubt that the wasting of the 
plates round the holes is in great measure due to the injury 
lUBtained «in punching, which renders the iion more susceptible 
to the action of the water. Drilling instead of punchiug the / 
itay holes has been attended in some cases with good results, / 
enabling the plate to hold out much longer against the wasting / 
^ect of the water. 

The rapid local wasting of locomotive firebox stays where they \ 
pass through copper plates, which often occurs when certain kinds 
of feed water are used, is perhaps the most conclusive evidence ' 
^of the presence of galvanic action, i inch bolts become re- j 
daced in a few years to half their original diameter inside the ' 
Itole, whilst the thread in the copper plate remains perfect, and ^ 
the bolt is not affected by corrosion about an inch from the . 
flopper plate. The wasting often commences first at the stays, j 
near the firebox crown, where it is probably induced by the ; 
bending action due to the expansion of the plates, which is. 
.most severely felt at this part. 

As to the means to be employed for preventing internal cor- 
rosion, the surest is obviously to abandon the use of water 
which has a corrosive efiTect upon the plates. At mines where 
the bad feed water is drawn from the ground it can sometimes 
be replaced by surface water more free from acids, and in cities, 
when the well water is found to injure the boiler, it can 
generally be replaced by the town supply of a better quality. 
There are, however, cases where the expense of using towns' 
vater is so great that it is found more economical to employ 
corrosive well water, and lay down a new boiler every five or 
nz years. This practice is however attended with great.risk, 
OD account of the temptation to use the corroded boiler to the 
last minute of safety. 

When the water is found to afifect the plates only in par- 
ticular places, as at the water level, it is well, on the score of 
economy, to introduce thicker plates in such places, and to 
arrange them so that the seams of rivets, which are the 
Weakest portion, do not come within the region attacked by 
the water. There exists great prejudice against introducing 
plates of dififerent strength into a new boiler shell, in conse- 
^uencs of the non-uniformity of strain throughout the structure 
it involves, which in many cases is already more than desirable. 
But the question arises, is there any greater disadvantage in 
baving the noB-nniformity of strengtli at t\ie\^e^\iii\xi% V^c^a^ ^ 
^middle of the life of the boiler, amce t^^ me^^iKC^l ^s^ 
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strength muf^t, under the circumstances we are confidering, 
necessarily occur at one time or another ? There appears to be 
no sound reason for hastening the time for repairs, i)y making 
the strength uniform at first, when it is known that it cannot 
long continue so. 

When there is no choice of feed water, the simplest 
method of preventing the corrosion caused by the majority 
of waters is to neutralise the acidity by treatment with 
some alkaline substance, either prior or subsequent to the 
introduction of the water into the boiler. This is best done 
by using soda, soda ash, or caustic soda, which should be dii- 
solved and constantly introduced with the feed water, rather 
than in doses at long intervals. The quantity required will 
vary according to the strength and quantity of the acids in the 
water. It must however be remarked that when strong saline 
solutions are formed in the boiler, as in using salt water, the 
introduction of soda will be found to be an evil, and the only 
remedy in this case is to keep down the strength of the solution 
by frequent blowing off from bottom and surface. The methods 
of filtration and surface condensation have been found to 
answer welL When comparatively p\ire water, such as is 
obtained by surface condensation or from the water supply of 
some towns, is found to act injuriously on the plates, the cor- 
rosion may be prevented by allowing an amount of impure 
water to enter the boiler sufficient to deposit a thin layer of 
scale, which will protect the plates against the action of the 
more pure water. 

Grooving, channelling, or furrowing, as it is variously called, 
is found of two difierent kinds, which, however, do not always 
present such distinctly marked characters as to precisely indi- 
cate the difiierent causes of their formation. One kind is 
caused entirely by the straining and fretting of the iron, where 
a considerable change in the direction of the strain takes place. 
Where it is not aided by the corrosive action of the water, 
it may penetrate deeply into the plate or angle iron, without 
being more than ^ inch in width at the surface. Sometimes 
this grooving is so fine as to appear more like a fracture, and is 
very difficult of detection. Any acidity in the water appeen 
to widen the grooving, by attacking the surface laid bare. It 
is most commonly found in stationary boilers of the Cornish 
and Lancashire types on the flat end plates round the edge of 
the angle iron over the t\ibe croYru, AXi^ tclot^ lT«^3^<^'!^il^ at the 
^ont end than at the back. It ^a iikSvi^'S ^««<giM^ Tawt'^* 
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eentre of the crown, and extends on either side for a length of 

firom 6 to 24 inches, and gradually di^^appears. Sometimes the 

grooying selects the root of the angle iron or flange of the tube 

plate instead of the end plate. The choice will depend upon 

the relative power of resistance of the parts joined. These 

angle irons are usually about ^ inch thick ; and when the plate 

does not exceed —^ inch in thickness, it is almost invariably 

ehosen ; but when the plate is ^^ or | inch thick, the grooving 

18 often found in the angle- iron root. In like manner, when the 

' fornace-tube plate is flanged, being the weaker, it is selected, 

the grooving taking place in the comer of the flange rather 

than in the end plate. 

This grooving is caused by the too rigid staying of the ends 

by gussets or other stays, and by the diflerence between tlie 

' expansion of the tube crown and boiler shelL As far as the 

'•■ bridge only the furnace crown is heated by the fuel and gases, 

: the bottom being kept comparatively cool by the entering cur- 

i.rent of air. When the flue tube beyond the bridge is clean, 

ihe whole circumference is exposed to the radiation and contact 

of hot gases ; but even in this condition it is improbable that 

the bottom receives anything like the same amount of heat 

by radiation that the top receives by contact with the flame 

which clings to the upper side. After the boiler has been at 

work a shoi t time the bottom of the flue is maintained at a 

eomparatively low temperature by the dirt that accumulates 

upon it. We may therefore consider the flue crown, under 

orrliuary working conditions, as being much hotter than the 

bottom, and the greater expansion must cause a correspondingly 

greater strain at that part of the end plates to which the crown 

ii attached. 

This longitudinal expansion is accommodated in part by the 
Bpringing of the end plate3 and in part by the arching of the 
tube. That this arching takes place has been proved by 
•otnal test, the, tube of a 30-feet long boiler having been found 
to rise fully f inch near mid length on heating the water to 
the boiling point, and without forcing the fire. Such an 
elevation of the crown is too great to be accounted for by the 
circumferential expansion alone. Were the longitudinal ex- 
pansion, which must take place very gradually, maintained 
ftt the same degree all the time the boiler is at work, it 
Would not account for the gr90ving ; but ft^erj \,\ssy& \j!aft ^vt- 
dow iff opened the rush of cold air against t\i^ \io\» "^«Xfe% \DKis^ 
^080 titem to contract suddenly, and to ihia "Wii^\9l cou^.T«»^^-^S3^a>, 
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p'peatedly talcing place, must be ascribed tbe action vWcli 
(MUSI'S the fretting of the rigid end plates or angle irons, u 
the case may be, wliich results in grooving round the end 
attachment of the furnace crown. The means for preventing 
it is simple. We have only to lessen the rigidity of the end 
plate, so as not to coiifine the bending action to one linft 
Tliis mny be done by allowing a sufficient distance between 
the tube and the end-plate stays for the plate to spring freely, ' 
Kine inches is found sufficient with ^ or -^^ inch plates. The 
use of '* Adamson" or *'Bowling" hoops, which allow the tube to 
expan'l freely jin«l reduce the strain upon the end plates, will 
prevent <j:rooving to a great extent. 

The groovii'g is not always confined to the crown, being 
fre(im<i!tly met with on the front end plates of Lancashire 
boilers between the tubes, "when these are very close togethrt 
and secured to the ends by * • sj)ectacle " pieces, the wat^r space 
being too small to admit of using angle irons. This grooving 
at the " spectacle " plate is probably in some measure due to 
the variations in the temperature of the two tubes not taking 
place simultaneously, which is especially the case with alternate 
firing. The only cur« for this grooving at the mMdle water 
space is the removal of the "spectacle" piece and tapering 
down the ends of the tubes, to give increased space to allow 
the end to spring. 

It is but seldom that grooving is met with at the wattr 
spaces between the tubes and shells of Lancashire and other 
double furnace-tube boilers. A few instances of this have, 
)iow(»vf»r, occurred. Such cases are liable to be overlook«-d in 
consequence of the inaccessibility of their position. Their 
))rescMcc is more difficult to account for than the other cases ; 
but this side grooving is found in conjunction with a low fire- 
grate, very thick end plate, and cramped side water spacer 
Cases of grooving beneath the tube are extremely rare. 

There can be no doubt that introducing the feed water at a 
high temperature, near the level of the tube crown, and 
thereby improving the circulation and decreasing the ditiference 
in temperature above and below, tends to lessen the end 
grooving. ** Galloway *' boilers are not found to groove so mnA 
as " Lancashire " boilers, similarly stayed, probably owing to tin 
better circulation of the water in the former. 

The trouble from grooving and leaking caused by the too 
rigid staying of the enda ot \1v\ftTii3\V5 ^x^ \«f^«»\ws^ 
mimjr cases, led to their abandoum^ii^.. An ox^^ \ft w^^*^ 
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N>ving over the tubes of Cornish and Ljincashire boilers, 
my makers rashly dispense with gusset and longitudiual 
yS) and substitute inefficient stiffeuing ribs of angle or T 
ns, the result beiug daugerous fractures through the line of 
et holes, or at the root of the angle iron securing the end 
.te to the shelL 

Other examples of grooving, caused by the upsetting action 
ur the parts affected, may be mentioned. The domes of 
omotive boilers are sometimes found grooved internally, in a 
e opposite the edge of the angle iron attaching it to the shell. 
is' is caused' by the great strain thrown upon the angle iron, 
consequence of the large quantity of the shell it is still 
»U)ften the fashion to cut out for the dome hole, 
rne shells of vertical boilers, with internal furnaces, are 
)le to internal grooviug round the upper edge of the founda- 
Q ring, between the shell and tube, when the ring is not 
rie of sufficient depth to resist the upsetting action caused 
a severe downward pressure on the furnace crown. 
The curved bottoms of haystack and wagon boilers under 
Bsure have also a tendency to upset the angle iron attaching 
bottom to the shell, which results in internal grooving at 
sides of the shell along the edge of the angle iron, 
[utemal grooving is frequently found round the edge of 
angle iron on the flat ends of plain cylindrical boilers, 
such cases it is caused by the insufficient stiffness in the end 
te allowing an alternate bulging and flattening action to take 
ce under varying degrees of pressure, which strains and 
/8 the plates at the line of attachment. The furrowing pro- 
»d by this action is often found at the root of the angle 
a, instead of in the plate or in the corner of the flange 
en the plate is bent. Grooving from this same action was a 
amon cause of the failure of the old flat-botttomed and 
ed wagon and haystack boilers. It is also met with round 
I flat and cambered crowns of vertical boilers, of large domes, 
1 of the vertical tube in Rastrick boilers. 
It is thus seen that grooving may be due to want of stifi^ness, 
well as to an excess of stifl'ness under different conditions. 
The other kind of grooving alluded to at page 192 is usually 
ind running parallel with and close to the edge of the plates 
lap joints. It is much wider at the surface of the plate 
iu the first-mentioned kind of grooviBg, aiid. \i«i2& ofi^TL ^^ 
lewAuoe of having been gouged out. It \a c^xx^fe^ XDaaxX^^s^ 
corrosive action of the water, but is iaducftd \i^ ^^ >Dras2«^- 



106 A TREATISE ON STEAM BOILERS. 

ling and fretting of the plate at the line where it 
ioiuid. This buckling is due to the oblique action of the f» 
cimiferential and longitudinal strains at the joints, either 
\ the steam pressure or from unequal expansion and contractkik 
At the longitudinal lap joints the buckling is also due in 
measure to the cross-bending action produced by the in 
pressure tending to force the plates into a perfectly cjlindii 
form. 

In stationary boilers, which are but seldom worked at m 
than 80 lbs. ])re6&ure, internal grooving at the longitudinal 
joints is not often met with, ii bless the boiler barrel deviai 
2 inches or more from the truly cylindrical form, yet it is soi 
tiuies found at the longitudinal seams of old boilers where 
run in a continuous line from end to end. At the transvi 
lap j( ints of long Corniph and Lancashire bc>ilers intend 
grooving frequently occurs, but not of a very decided charactot 
Its presence can generally be traced to the difierence in 
pansion between the bottom and top of the shell, or betwea 
the flue tubes and the shell bottom. It is most marked ii 
boilers where the circulation is bad, which is especially tin 
case when the cold feed water is introduced at the bottom. 

In locomotive boilers working at 140 lbs. pressure or moi% 
and whore the plates are thick in proportion to the diameter, 
internal grooving at the seams is most frequently met with It 
occurs at the longitudinal lap joints below the water level, prin- 
cipally at mid length of the barrel or near the smoke-box end, 
at the ring seams all along the boiler, and very often in tie 
]"»late opposite the edge of the outside angle iron attaching tl» 
bairel to the smoke-box tube plate. ( It is most marked at the 
bottom of the barrel, and diminishes gradually, until it diflijl 
away near the centre line.j 

Transverse furrowing also occurs in the body of the pl«l6i 
when they are too rigidly attached to the frame by plate stay*, 
secured by angle irons to the boiler shell It is found opposite 
to the edge of the plate or angle iron. 

As this description of grooving always occurs at the edge of 
a plate, or opposite the edge of an angle iron in a line where 
the direction of the strain caused by the steam pressure or by I 
expansion and contraction is liable to be changed, it suggest f 
the probability of its being caused by mechanical action, whid, | 
producing a bending or' springing of the plate along the lio0 i 
where it occurs, breaks off t\ie eo«A.\\\^ cA VxiOJcxj&^aJwsa.Kst^ift'^ 
outaide scale of the plate itaelf, t\i\ia ooiiHhsiXiwi^i ^T.Y»iB%^ 
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ih surface for the cbemical action of the water, f Moreover, 
the lougitudiual grooving only rarely takes place above the ^ 
iQT line,] and as it is found to occur with one kind of water 
i not with another, it may reasonably be concluded that it is 
3fly due to chemical action, although induced in the fir»t 
3e by mechanical action. '^> 

Phe buckling action at the longitudinal seams being caused \ 
the unequal distribution of strain at the overlap, or by the I 
iency of the barrel to assume a perfectly circular form \ 
[er pressure (which form is necessarily departed from at the 
joint), may be prevented by doing away with the lap joint, 
usiiig welded joints or butt joints with double butt strips, 
retaining the lap, the result of the chemical action may be 
rented by keeping the longitudinal seams above the water 
il, which has been done by making the courses of plate in 
length. The evil of longitudinal furrowing has been over- 
16 by either of the above methods. In some cases, how- I 
:, where welding has been tried, it has been found that the/ 
.es are rapidly pitted at the weld ; and this plan had, iiy 
sequence, to be abandoned, unless the joints were kepi 
vo the water level / ^ 

Lt the transverse lap joints the buckling is caused by the \ 
er being too rigidly tied to the engine frame, and not being ^ 
wed to expand and contract freely, or, as it is sometimes 
ed, to breathe freely. It is also aggravated by the vicious 
3tice of attaching the drag apparatus directly to the boiler. / 
>ther cause of the buckling at the shell bottom is the strain / 
>wn upon the bottom plates by the greater expansion of the/ 
B8 compared with the shelL 

^ere can be little doubt that internal grooving is often ih- 
ed by excessive caulking, which, by destroying the skin of 
iron, exposes a surface for the easier attack of the corrosive 
uts in the water. On this account many engineers dis- 
ntenance the practice of caulking the plates on the inside. 
External corrosion is a more frequent and more subtle destruc- 
) agent with stationary boilers than any. kind of internal 
roijion. This probably arises from the fact that its presence 
Bss suspected, and is often less easily detected in consequence 
;he inaccessibility of the plates. It is therefore left to do its 
.*k of destruction without any attempt being made to arrest 
progress. It is found either as unifoxm. QOtto%\oii\siW^ 
' swaU patches, or as grooving. 
Ue moat froqaoui aouroeA ot external conocioii oxe ^t.i^'^^^^ 
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t ) tlio weather, leakage from joints of plates and fittings, drip* 
})iug from mountings, moisture rising from the grouud uearthi 
boiler, either from the damp nature of the ground or fromtiH 
want of waste pipes to carry off the water from the blow-off 
t.ap, water gauges, &o., and from the careless practice of damping 
tlie ashes close to the boiler. 

When leakage takes place at the boiler crown to any greik 
eYtoHt, the whole circumference of the shell being below, ii 
lial'lo to sulibr wasting from it. A slight leakage from a bid 
joint may be suthcient to cause a severe local grooving at tJN 
seam or llange, as it often goes on for a length of time UIlpe^ 
ceivo«l and unsuspected, especially when the shell is covered bf 
brickwork or other material to prevent the radiation of heal 
Some of the compositions used for covering boilers, howevw, 
l>ocome soft, anil at once betray any leakage that may be going 
on beneath. To prevent leakage at the joints of the mountiDgiy 
they should id ways be riveted and caulked to the curved platei, 
and never attached by bolts or studs. The greatest difficulty 
in making a good joint on a curved surface by the usual meau 
of studs or bolts and nuts is found at the blow-out pipe attach 
mont of ordinary factory boilers, where the joint has to bear the 
reckless twisting and straining from the use of a long lever every 
tiiuo the blow-out tap is turned. In nearly all cases where the 
blow-out attachment is not riveted to the shell, the plate be- 
comes rapidly wasted round the bolted flange. 

To the injudicious practice, which still largely prevails, of 
building boilers in with a mass of brickwork, the greatest 
amount of deterioration from external corrosion must be attri- 
buted. This evil acts directly in keeping any water that may 
find its way to the boiler in contact with the plates, and ak) 
indirectly in preventing the detection of any wasting that may 
be going on. 

Tlie most glaring example of this kind is to be found in 
pl.icing internally fireil boilers on a wide midfeather or sup- 
])()rting wall extending along the middle of the shell nearly 
from end to end. Any water from leakage or other source 
trickling down the shell naturally finds its way to the bottom, 
and when it is held here in contact with the plates a rapid oii* 
dation takes place. The wasting is often promoted by the pre- 
sence of damp mortar, which should never be allowed to touch 
the plates, and by corrosive agents in the products of combue- 
tion which sweep past. TYie^e xji\d^eaX\v«t^ «x^ ^^xskfeHlYOBSS^ u ' 
much us 2 feet wide, and very commoiiVj \^ ox \^ VasSaa^. \» 
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ich cases it is impossible to tell by ordinary examination in 
a^Ring along the flue the condition of the plates resting on the 
rickwork. It frequently happens that to all appearance no 
amp is present, and the plates near the edge of the midfeather 
re in good order, yet on removing the brickwork the plates for 
width of 6 or 8 inches at the centre all along the boiler are 
>uud eaten nearly through. 

With boilers of 4 feet diameter and upwards midfeathers 
hould not be used. The boilers are much better placed on 
Lde walls with a total bearing surface of from f inch to 1 inch 
►er foot of diameter. In very small boilers where side walls 
xe not admissible the bearing of the midfeather need never 
zceed 3 or 4 inches in width ; and a loose brick should be left 
lere and there, or at least at every ring seam, for removal to 
acilitate examination. When there is any dampness in the 
[round beneath the boiler, it invariably travels up the brickwork 
•nd attacks the plates. Where the dampness cannot be re- 
Qoved, it is advisable to cut off the contact between the plates 
md the brickwork, by supporting the boiler on cast-iron saddles 
md a longitudinal cant-iron carrier, which need not exceed one 
nch in width, and can be. taken the whole length required. 

The front cross walls of internally fired boilers are often 
oade of excessive thickness, being sometimes as much as 3 feet, 
md built round and made to conceal the blow-out pipe and 
attachment, which are thus rigidly built up and rendered liable 
io break. Ah the boiler is supposed to rest upon the midfeather 
>r side walls, the front cross wall, or at least the top of it in 
ion tact with the plates, need scarcely ever be more than 4^ 
ncbes thick, and it should always be built round behind the 
:>low-out pipe attachment, which is thus placed in an open 
recess in the wall accessible for inspection, and not rendered so 
liable to fracture. Even with a 4J-inch wall there is still a 
risk of corrosion if the ground be damp, or the water from the 
blow-out tap be not led away by a waste pipe, but is allowed 
to splash back against the front cross wall, as is too often 
bhe case. 

When the ground is of so damp a nature, from situation or 
formation, that the moisture from it passes up the front cross 
wall, the only means of saving the boiler is to interpose loose 
plates between the wall and the shell, which become corroded 
instead of the boiler plates. 

It h a common practice to allow tlie fro^^^i ev\\\. «ww<^^ Sxora. <3J^ 
thraisb suad Lancashire boilers to reat ou t\i\a itow^ <ixc«j& ^^i^ 
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This has the disadvantage of concealing any leakage or defedl 



at the angle iron. The front wall is therefore better kept dear 
of the angle iron, that is, the front end plate should project 4 
or 5 inches beyond the wall. The front end plates of Lanca< 
shire and similar boilers are very often severely corroded ex- 
ternally at the floor line by the water that always finds its way 
here from one source or another. The boiler should, therefore, 
always be arranged with the front end plate clear above the floor. 
In order that this may not interfere too much with the facility 
of firing, the floor may often with advantage be inclined or let 
down to suit. 

The practice of slacking the hot ashes against the front end 
plate is a very common source of corrosion above the floor line. 
Where there is good reason for adopting this practice it will be 
advisable to protect the front plate by a suitable sheet iron 
guard. 

The side wall bearings on which internally fired boilers are 
now usually supported, and to some extent externally fired 
boilers also, are frequently made of excessive width, from 15 
to 20 inches being not uncommon. Now, 3 or 4 inches of 
bearing surface to each wall is quite sufficient for ordinary-sized 
boilers, or as a rule from f to 1" of total bearing surface per 
foot diameter of boiler. 

In order to allow the escape from the plates of any water 
flowing down the shell sides, the side wall bearings should be 
made of fire lumps, as shown in fig. 22, rather than made after 
the old fashion, as in fig. 21. This last plan leaves the water 
no choice but to cling to the plates in finding its lowest level, 
and often leads to serious corrosion. Care should always be 
taken to keep the longitudinal seams well clear of the seating. 
Another indirect source of corrosion sometimes met with is the 
extremely narrow space allowed at the top of the side flues of 
many boilers. When this space is only an inch or two wide, it 
cannot well be cleaned. The soot accumulates and becomeu 
hard, and then retains moisture in contact with the plates, 
which sooner or later may cause serious corrosion all along the 
boiler where it is seldom suspected. 

The back and front ends of externally fired boilers are not 
unfrequently set in a mass of brickwork, wbich is apt to keep 
moi-sture in contact with the plates. No reason for this prac- 
tice can be given. It is usually done through ignorance on ih* 
part of the builder or draftamvoi, ox itoTo. >««d^. ot <5o\s&\,\\vi^sR^ 
sJ^ill oa the part of the btick.-&©Uftx. ^\v'wa.\Jasafe\«s^«^«* 
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ded from side brackets with a flash-flue armngement, it 
unusual to And a belting of brickwork 18 or 24 inches 

Fig. 21. 




and even more, in contact with the plates. This arrange- 
is obviously liable to harbour a quantity of moisture, 

Fig. 22. 
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whose damaging effects ou the plates are placed beyond deiec- 
tioi) unless the brickwork is periodically removed. 

The plau of carrying a thick cross wall over the front end of 
internally fired boilers, and also of covering the front end pUte 
with brickwork to prevent radiation, is apt to lead to wasting 
at these part«, and should not be adopted. 

Vertical furnace boilers are sometimes found built into walls, 
ana s«^.atod on a mass of brickwork, which retain the moistuw ' 
and lead to a rapid wasting of the (ilates. The practice of 
lining with fire bricks the internal flue tubes of upright fnnuwe 
boilers, has been found destructive to the plates by keeping the 
water in contact with them. When it is necessary to apply 
ihi3 brick lining, in order to protect the plates from overheating 
V here the tube passes through the steam K»pace, or from burning 
where tlie flame impinges, it is advisable not to build the brick- 
work in contact with the tube, but to preserve an annular space 
to allow the water from leakage and other soiirces to run down 
and escape. 

Corrosion is met with in the furnace tubes of internally fii^ 
boilers, beneath the heavy brilge of brickwork, so often need- 
lessly built ufjon the tube bottom. These bridges are as well 
supported, and more easily removel, when built upou metil 
bridge earners. 
/ Leakage at the riveted joints in any part of a boiler may be 
; due to bad worknumsliip. When caulking and the insertion of 
, new rivets will not cure the leakage, the holes should be care- 
I fully rinnn-d t)ut afresh, and larger rivets put in ; at the same 
■ time the e.iges of the plates may be dressed and recaulked. 
I Too much lap is very often the cause of the diflSculty in making 
I a tiglit joint, especially at the furnace jjlates. New boilers oftea 
I leak at the seams when set to work, after having been tested 
I and found tight at the maker's. This may be due to rough 
j usage in removing the boiler and fixing it, or to the expansion 
of the j,lates in actual work l^eing ditferent from that produced 
by the test. A diftVreuce in the nature of the feed water htf 
sometimes a remaikable etlect in niaking boilers leak at the 
rivt'ted joints below the water line. A boiler uiay be quite 
tii;ht with one kind of water, an 1 yet leak badly with another 
kind. When this is the case, it in generally found that a cout- 
paratively pure water has been changed for brackish water, oi 
ofie containing much carbonate of lime, the use of which u 
attended with a higber tcm\)erak.U\Tyi lil ^*6 Ivvxwafij^ wi.d §•• h 
plates, and consequently a gteaVer \oc8\ siX.v«.^A.viA^ \*«^^'*^ 
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\ 
ten produced at the furnace and f ue seams of many boilers 

gettin'^ up steam too quickly. The leakage ia this case is ^ 
iefly due to the unequal expansion of the material, one part 

the boiler being hot whilst the rest remains cool. Leakage . 
»m this cause is most common in boilers having a bad circu-j 
ion. » 

Leakage at the ring seams, especially of externally fired 
ilers, is very often caused by delivering the cold feed water 
;ht on to the hot plates ; sometimes the feed pipe delivers 
;ht on to a seam. It has more than once been questioned by 
Me who will not be advised to introduce the feed in a proper 
inner, whether the introduction of the cold feed water down- 
irds through a vertical pipe, the end of which is some 24 
:hes above the plates, can have any effect in suddenly con- 
icting them. This, of course, will depend upon the force 
th which the water is injected. In cases where a range of 
If a dozen or more boilers is supplied by a donkey pump suffi- 
mt to feed all at once, there can be little doubt that when 
ly one boiler is being fed at a time the warer will be injected 
th sufficient force to reach the plates even more than 24 inches 
low the end of the pipe, without having much heat imparted 
it in its downward course through the hot water in the boiler. 

such cases the fracture of the plates beneath the pipe is not 

unusual occurrence. 

One of the most common causes of leakage all along the| 
der side of boilers, and also at the tu')e plates, is the reckless \ 
ictice of emptying the boiler while still hot, and filling it with \ 
Id water, at the same time leaving the damper wide open and 
noving the flue doors, in order to cool the boiler rapidly for 
lauing. The sudden contraction of the furnace and flue plates 
us produced has been the ruin of hundreds of boilers. The 
ual contraction of the bottom plates of externally fired boiler'ti 
sometimes resisted by the plate edges or suspending brackets 
ittiiig against the solid masonry : fracture in these cases is the/ 
mnioii result. 

Internally fired tubular boilers, without external flues, and 
mally made with a cluster of small tubes at the back end, are 
variably found to corrode and groove externally along the 
ifll bottom at the ring seams, in consequence of the leakage 
lused by the unequal expansion of the top and bottom of the 
ailer, and also of the flue tubes an<l the shell, TIVi\» \\i^^'«\\V3 

due in great measure to defective ciic\i\aA.\OTi, «kVi>i N»<i Vi\^ 
avoidable ditiereuce in temperature between \.Vie vaXi^^Yiv^ ^^<«< 
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• 

and sh«^ll crown ou tho oue Laud and the shell bottom on the 
other. The best aud perhaps ouly means of preveutiug thu 
leaiviug aud grooving is to apply external flues leadmg the gasw 
flrst uiKlcr the boiler bottom before entering the side iiues, aud 
to allow some spring in the eud plate. 

Boilers of the locomotive class are without external fluef^, and 
yet do not usually leak at the bottom when the shell is free to 
expand. The reason of this is that the circulation is favoured 
by tho construction of this class of boiler, which admits of the 
tubes being brought near the shell bottom ; at the same time 
the water at the lowest part of the boiler — the firebox — ii 
heated. Any severe leakage at the transverse seams of louo* 
motive boilers can generally be traced to the interference of the 
end contraction and expansion by some of the barbarous stylei 
of stayiug the boiler to the frames, which, unfortunately, to 
some extent still exist. 

The strain along the bottom of long Cornish and Lancashin 
boilers produced by the expansion of the bottom compared with 
the top, and the still greater expansion of the through tabtfi, 
sometimes results in fracture at the riug seams, and very fre- 
quently leads to leakage, which has the effect of grooving the 
bottom plates in a characteristic manner at the edges of the 
transvei se seams. The rapidity with which this grooving occap, 
and other evidences of the intensity of the chemical action, can 
oidy be accounted for by the presence of some strong aci«l, and 
tliere can be little doubt that the stdphurous and other acids 
from the coal are the principal elements of destruction. Water 
is considered capable of absorbing 30 times its volume of sol- 
phurous acid ; and when this acid is given off abundantly by 
coals containing pyrites, the rapid grooving at the ring seams is 
not difficult to account for when the boiler leaks at the bottom. 
The unequal expansion and contraction which produce the 
leakage can nearly always be traced to defective cirulHtion, 
either from the cold feed water being introduced at the bottom, 
or else, in the case of Lancashire boilers, from the side aud 
middle water spaces being too narrow. These defects can be 
remedied by heating the feed water ; by introducing it just 
below the water level, where it should be well distributed ; aud 
by improving the circulation by the addition of vertical water 
tubes when the side and middle water spaces are too cramped. 
The riveted joints in the furnace tubes of internally fired 
tubular boilers are liable to \ea.V., ^\A q».\s&^ oKscvyass^^ 
grooving on the fire-sido oi Uie W\i«» >«\ia\i x^SLeaa ^^\«ND^>fe 
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h other or to the shell by plate-stays, and are thus prevented 
ii breathing ireely. These stays are needlessly^ introduced 
some makers to support the tubes, and are sometimes rigidly 
iched to strengthening angle irons round them. They are a 
roe of much trouble by causing the tubes and shells to leak, 
I they frequently lead to fractures in the plates, 
dombustion-chambers and tube-plates are often corroJed 
the leakage from the small tubes. In many boilers of the 
omotive class the tubes are caused to leak by the rigid 
nuer in which the tube-plate at the fire end is fixed from the 
ying of the tire-box crown. The want of freedom in the tube- 
,te to expand and contract causes the tube-holes to become oval, 
er which it is almost impossible to prevent leakage. The distor- 
n of the tube-holes is sometimes caused by the excessive 
)88ure concentrated upon the tube-plate by the girder-stays 
kt support the furnace or combustion-chamber crown. These 
der-stays should be attached by sling-stays to the shell- 
>wu. Too great rigidity may be avoided by slightly slanting 
3 sli;ig-stays. Tubes are often caused to leak by attempting 
get up the steam too quickly, or by blowing out the boiler j 
lile the plates and tubes are still at a high temperature. 
Wasting from severe leakage is very common at the botto 
mers of the tire- boxes in boilers of the locomotive class. This 
of cen produced by the difficulty found in making a good joint 
the sharp corners, which are generally made of a radius too 
lall to get a rivet through at the comer. In order to avoid 
d defect in question some makers double-rivet the fire-box 
ttom either all along or merely at the corners ; others make 
e corner of the inside to a radius large enough to get rivets 
rough, and so draw the plate to the ring all round. 
External corrosion from leakage takes place round manholes 
id mudholes witliout mouth-pieces from the ditficulty found 

keeping the joints tight, and at washout-plugs and mud* 
ugs from defective threads. These threads, when formed 
erely on the plate, are soon worn otf by screwing and un- 
rewiug the plug, and by the iron rods passed through the holes 
r the purpose of cleaning. These holes should, therefore, be 
ranged with mouth-pieces having a male instead of a female 
rew. 

The various kinds of fractures to be met with may be divided 
ito two classes, viz. : I, those caused by Nvaii\> ol it^^^orca. \xv 
w plates to expand and contract, by the \mftc\\xi\. ^x-^wvysvov^^ '^'^ 
9 materisd in different parts of the boiler, vad t^"^ Vjo «qA.^« 
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expansion and contraction ; 2, those caused by weakness 
inability of the material to bear the steam pressure, and > 
may be due to bad workmansbip, originally bad materi; 
deterioration of material originally good, malcoiistru( 
injudicious repairs, corrosion, overheating, and fatigue ai 
from long exposure to variations of pressure. 

There are probably no fractures of such frequent occur 
as those found at the lap joints of the furnace-plates in ( 
ually fired boilers. They are most common at the traus 
seams between the end of the boiler and the bridge, ye 
frequently met with at the longitudinal seams, and al 
the segmental seams at the hemispherical ends, where the: 
exposed to the action of the fire. The fractures are most 
mon from the holes to the edge of the plate in the outside 
where they may not be actually dangerous at first, bi 
very troublesome and cause much annoyance and ex 
through the delay and repairs they necessitate. The^ 
usually scarcely visible at first, but in time become more 
and give rise to leakage, which is generally the mea: 
drawing attention to their presence. In time these la^ 
fractures often pass through the rivet holes into the body < 
plate, where they are likely to prove very dangerous if 
progress be not arrested by drilling holes and placing s 
rivets in their path, which generally proves effective, 
the fractures run in a line through the rivet holes, either i 
longitudinal or transverse seams in the shell, they mui 
regarded as dangerous, and carefully watched. Plates of 
quality will leak at the fractures, and give indication of d 
where brittle plates would give way suddenly without wai 
The liability to fracture in the furnaces of all boilers is gi 
with thick than with thin plates. 

The lap-joints in the shells of furnace boilers opposit 
furnace throat, and also the lap and T-iron butt joints i 
furnace tubes of internally fired boilers, are liable to the 
descriptions of fracture, but especially to those from the 
to edge of plate. These lap edge fractures are gem 
ascribed to the overheating caused by the impingement o 
flame against the double thickness of plate at the lap. 1 
is clear that the greater heat at these parts would can: 
increased expansion that would have the effect of compre 
the material, instead of extending it, and thereby causing 
tare, Against this theory it may \>e ^\.%.\.^0l, \}cl^H, \Xi» 'e^a.xK 
the bridge which are most expoa^ to t\i^ \tsi^\\\^j,^\siKQX 



WEAK AND TEAR. 207 

lame are very seldom found to fracture. The actual cause of 
Tracture at these furuace-plate joints appears to be the sudden 
.oug^tudinal and circutufereutial contraction on cooling every 
dme a current of cold air strikes against the plates. If we 
consider the effect of the heat on the ring seams, it is evident 
bliat the greater the thickness of plate, the greater will be the 
dlevation of temperature and tendency to expand at the joint. 
Regarding the double thickness of plates at the lap as an arch, 
whether concave or convex to the fire, the expansion will find 
Full play in gradually increasing the height of the arch either 
Upwards or downwards, as the case may be. The form of the 
expanded cylinder will of course be modified by the internal 
{xressure. On the current of cold air coming in contact with the 
joint in its expanded state, the effect of the sudden reduction of ' 
temperature will be to throw a sudden tensile strain on the out- 
aide plate of the lap. This contraction is resisted by the inner 
plate, which still retains the form due to its higher temperature, 
and fracture from the rivet hole to the edge of the plate is the 
inevitable result if the ductiliW or elasticity of the iron be too 
verely taxed. After a certam amount of expansion and col- 



tiaction even the very best plates become brittle, and fracture 
£rom the rivet holes to the edge of the plate. Fracture through 
the line of rivet holes at the transverse seams is caused by a 
longitudinal tensile strain acting in a somewhat similar manner. 
!FVactures of both kinds at the longitudinal seams over the fire 
are also caused somewhat after the manner just described. 

Many cases of fracture are met with which, on account of 

their protected position, cannot at first sight be accounted for 

"by the cooling action we have just considered. Such, for 

instance, as the ed^e fractures in the longitudinal lap joints 

placed just above the tire-bars of some internally fired boilers. 

Since the fractures here are placed in the fire, they cannot have 

been caused by the air currents through the furnace door. "Yet 

being just above the bars, the joints are liable to have a strong 

jet of cold air suddenly let in upon them when the hot fuel is 

removed on stirring or cleaning the fire, processes that must be 

repeatedly performed with any description of coal that yields 

much clinker. 

Again, it would appear, at first siglit, that the edge frac- 
tuit's that so frequently occur at the outside laps in the shells of 
Borne descriptions of furnace boilers, just opposite the furu8LG«t 
tbroai> are out of reach of any rush oi coVd «Ai,\iOTi% ^ci I'ax 
Aom the proper air-eii trance by the fuiiiaiQe ^oox. "S.vi\l \\. Ss 
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tolerably certain that these frActures occur on the removal, bj 
accident or intention, of the brickwork near the pluce when 
the fractures occur, while the plates are still at a high tfflQ« 
perature. 

It has been attempted to explain the occurrence of these 
fractures by assuming that the intense heat and ebullition pro- 
Tent the contact between the plate and the water. When ih 
heat subsideH, the water coming in contact with the overheated 
plate causes it suddenly to contract and fracture. This might 
certainly account for a fracture at the inuer plate at the h^ 
but not in the outer plate. That fractures in the body of the 
plate occur in this manner is extremely probable. 

The production of fractures after the manner described ii 
aided by the tendency of furnace plates to become permanently 
shortened after oft- repeated heating and cooling. 

As to the meaus for preventing these fractures, at the seanu 
of riveting, in furnace boilers, the only method to ensure suc- 
cess is to guard the plates from both the heat and the cold air by 
a shield of brickwork, which, however, should be arranged eo 
as not to harbour moisture against tbe plates. 

With externally fired boilers the liability to fracture at the 
laps increases as the lire is approached to the boiler bottom. By 
lowering the height of the bars, which diminishes the intensity 
of the heat from radiation and at the same time allows the air 
to ditiuse itself, a partial remedy can in most cases be effected. 
Attempts have been made to prevent the rush of cold air on 
opening the fire-door for stoking, by employing some self-acting 
apparatus to close the damper as the door is opened. This 
plan, however, interferes with the process of combustion, and ib 
productive of smoke. Deflecting arches inside the tire-door, to 
direct the entering cold air on to the fire, instead of allowing it 
to rush straight at the plates, have also been tried with partial 
success. But the trouble of keeping these deflectors in i-epair 
leads to their disuse. The best and simplest meaus is to dLi- 
peuse with the transverse laps over the fire altogether, so as to 
do away with the excessive expansion and sudden contraction 
they give rise to from the thickness of iron their use involves. 
This can best be done by keeping the second ring seam behind 
the bridge by using a long plate over the fire. Before the air 
reaches this, it will be sufficiently heated not to act injuriously 
on the plate at the joint. This plate must be sufliciently wide 
to keep the longitudinal seams oviV. oi xviSLc\\ q1 \Jsi» %x^ wA«3A. 
Mr. The objectioiiS to this atrau^emtoiiX. ax^a ^iX^ft rnvstsaaft^-wj^ 
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Dived in using such a large plate, and the long unbroken 
;th of longitudinal seam it forms, which must be a source of 
ikness. This can, however, be partially compeDsated for by 
ible riveting. 

n order to prevent the liability to fracture in boilers with 
;mal furnace tuben, the ring seams should be as few as pos- 
e, and made with '* Adamsdn " flanges. The longitudinal 
US should always be kept below the fire-bars. 
Tract ures of a dangerous nature, and which may be regarded 
>ne of the commonest causes of explosion, take place at the 
5 ^ealus of externally fired boilers, near mid-length, where 
cold air can reach them. These fractures usually run through 

rivet holes at the inner plate of the lap, and are brought 
ut in boilers of moderate length by the sudiien contraction 
the plates consequent upon the cooling^ efibct of having the 
I delivered directly on to them, or of letting iu cold water or 

on the hot plates too soon after the boiler is emptied for 
kuing. The quantity of brickwork in which these boilers are 
jn imbedded, and the awkward manner in which they are 
letimes supported by an unnecessary number of carrying 
skets, must greatly interfere with their freedom to contract 
ally throughout their length, and in such cases even a cold 
rent of air let in on the shell bottom, after the fire is drawn 
. the boiler is empty, is sufi&cient to produce a large trans- 
le seam rip. In very long boilers the expansion of the 
bom when at work would cause the shell to arch upwards as 
3h as half an inch, or evi^n more, at the ends, were this elevating 
deucy not resisted by the weight of water in the boiler. The 
[ling is however sufficient to throw the whole weight of the 
ler for a time on the middle supports, and after a length of 
dee the contraction that takes place more or less in adl plates 
jtscted to alternate heating and cooling is sufficient to arch 

boiler upwards in the middle when cold, thus lifting it clear 
its middle supports, and throwing such a tensile strain on the 
tom plates as to cause a transverse seam rip. 
rhe expansion and its effects in all cases will of course be 
reased when the furnace and flue plates become partially 
)rheated through being covered internally with a thick cotiting 
incrustation, or when the water is very greasy, and contains 
rbouate of lime in considerable quantity. 
The flat ends of shells and tubes are UableV>it\)i.c^>\a^^(^ci\Q)^^.<^ 
> hvet holes, or tbrongh the corners of tY\o sax^Ye *Ycovi% ot ^«a\^^^ 
rin^ them, ttithttr for waut of ttufi&cieiit atifiasw^ ox Ixovs 
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being too rigid, in the name manner that we accounted for 
intern il end plates grooving. 

The same causes that lead to grooving may also lead to 
fracture, (iirectly or else indirectly, by weakening the plate sni- 
ciently for the steam pressure to complete the destruction. 

A common example of fracture from unequal ezpwsion ii |.- 
foiinii in the long vertical chimney boilers used in conuectioi 
with forges and iron furnaces. These are like a Cornish boiler ^' 
placed on end, the flue-tube being out of the centre to allot 
more space for cleaning, <fec., leaving only about 6 indwi 
between the tul)e and shell. The expansion of the tuheii 
found in some cases to exceed that of the shell by fully half ai 
inch. Tliid necessarily throws an enormous strain on the end 
angle irons and rivets, resulting after a brief service in fractoit 
through tne rivet holes, angle iron, or plate round the edgeof |i 
the angle iron. Were the bottom of the flue- tube in a 
C>r.iish l)oil.ir exposed to as much heat as the crown, many of |- 
these boilers as at present coustructe<l could not be worked fa 
tlio trouble and danger that would result from the rigidity of 
the end plate bottom. 

The furnace crowns of small vertical boilers, when crowded 
with small tubes, are rendered too rigid an<l liable to fracture, 
as well as to groove, at the flange or angle iron securing the 
crown to the furnace. The rigidity is sometimes increased by 
<lishing the crown plate, and the liability to fracture is conse- 
quently increased. 

Many disastr >us ex[»losions have occurred, especially with 
externally tired boiLrs fracturing, immediately after repairs, it 
tlio longitudinal or transverse seams, through the lines of rivrt 
luiU's where new plates have been joined to the old, or whew 
the plates have been repaired with patches riveted or bolted on. 
Many improvable causes have been assigned for these acci" 
dents ; hut the true solution of the mystery lies in the fact that 
t'le old plates are very often severely fractured by the clumsy 
manner in which the rivet heads are knocked oft" and the rivets 
forced out of the holes. Then, on putting on the new plates, 
the reckless use of the drift completes the mischief, and the 
joint is ready to part with a strain far below the workinj; 
])rej*sure of the boil'T. Many of the numerous cau»»es of frac 
tures at the rivet holes already considered are assisted to an 
unknown extent by bad workmanship combined with brittle 
njatfria.1. Nothing V^wt t\\e Rt,T\cV,vi>?\. «v\^xVvs\q\\^^xA. >i»<A^^* 
jlofuieiit of really akUiuV woT\Lv\ittu, <iaAx oNft\<iK>>sift 'Ok^ «^ 
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(nt when boilers are constantly being bought at a price barely 
nfficient to pay for the plates of proper quality it would be 
lopeless to expect first-rate and trustworthy work. 

In boilers of the locomotive class fractures often occur in the 
LTebox tube plate, either at the roots of the flanges or through 
he material between the tubes, iu consequence of want of 
reedom to expand and contract, or from sudden contraction, 
^he liability to fracture at the flanges is greatly increased by 
making them with too sharp a bend. 

Overheating may take place, and be confined to a very 
Lmited area, or it may exteud over a large surface. Examples 
f fractures caused by overheating are most common in exter- 
lally fired boilers. The causes which directly or indirectly lea*! 
o overheating are treated of in the chapter on "Explosions." 
Vhen severe local overheating of any kind occurs in the body 
f a plate, the material softens, and bulging outwards from the 
iressure sometimes forms a pocket, which is eventually fractured 
»y the pressure itself or by the contraction on the plate cooling 
own. 

When fractures arise in a plate that has been so intensely 
leated as to drive the water ofif the surface, they may have been 
aused either by the pressure overcoming the tensional resist- 
Ace of the softened plate, or by contraction on the water 
oming again iu contact. 

An effect of overheating but rarely met with is found in the 
retting and partial fracturing of the outside surface of thick 
)lates when exposed to an intense heat, as when a large body of 
lame becames concentrated and impinges on a limited surface, 
u such a case the outer surface of the plate is subject to much 
greater variations in temperature than the iuner layers of the 
ilate, and deteriorates more rapidly. It is also probable that 
;he crackiug of the outer face is iu great measure due to 
he presence of corrosive gases given off" by the burning 
:uel. 

When a furnace plate is laminated, it is very liable to over- 
beating on the outer surface in consequence of the increased 
resistance the want of solidity offers to the thermal conduction. 
The overheating causes the outer shell to bulge and form a 
blister, which sooner or later fractures either at the apex, when 
the thickness of the skin is uniform, or at their edge, when it is J 
thinnest here, and offers the least resistance to bi^«kk\\x^. ^ 

Fruotures from overheating are very coroniOTL \ivi,\.^^^\3^ 'vJ^^ 
61/5 ill the dat sur/aces of locoiuoxive ^r«\>ox.^^ 'YVi^'sfe ^iX'J 
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caused solely by the softened plates bulging and yielding to the 
pressure. 

Some of the plans that have been used for admitting air 
behind the bridge for smoke prevention have led to serious 
trouble from the alternate heating and cooling effect the air 
produces at various stages of the combustion, especially where - 
tiie current of air has been allowed to impinge in coutdderable 
volume against the furnace plates. 



CHAPTEB X. 

FACTOR OF SAFETY. 

[n seeking to determine the proper co-efficient or factor of 
sty to UHe for the testing and working pressures of a boiler, 
in other words to decide what ratio these pressures should 
tr to the ultimate strength, to provide against defects arising 
i of wear and tear, as well as original defects of workmanship 
1 material, we must ascertain the manner in which the boiler 
(trained and the power of the material to resist the strains 
ier ordiuary working conditions. In the case of a cylindrical 
ler it is usually taken for granted that the fluid pressure and 
meter on the one side, and the ultimate breaking strength of 
) plates or joints oq the other side, are the only elements to 
considered, and that the bursting strength as estimated from 
)BQ data divided by proper factors of safety, usually 6 and 3, 
>uld give the working and testiug pressures respectively., 
w, in the first place, in many cases the steam pressure is not\ 
) greatest force the boiler has to withstand, and any increase I 
thickness in the plates, by its tendency to increase the strains/ 
sing from the sudden or unequal expansion and contraction, 
y be the means of weakening the boiler instead of strength- 
lug it. The e£fect of these strains on the boiler should, there- 
e, always be considered in estimating its strength. In the 
K)nd place, the method of fixing the factors of safety from 
) original ultimate teusile strength of the material alone can 
ly be considered satisfactory if the strength, elasticity, and 
ctiliiy of the material remain unchanged under all conditions 
working and testing. We also require to know what strain 
3 material will stand without producing such change of form 
size as may be detrimental to the efficiency of the structure) 
i how the strength and character of the material is affected 
er long exposure to trying work. 

If we Bubmit a straight bar or plate of good, "wrow:^^ vtcra. olx^- 
r section to & steady tensile strain, it wiUxL^ \iO tti caxVaaa. ^\»^ 
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he found to stretch uniformly about y^J-g^^ part of its length fw 
every ton per square inch of sectional area applied. If the bar 
ri'turnod fully aud perfectly to its original length on the removal 
of the load, its elasticity would be said to be perfect. Thi« 
theoretically perfect elasticity is not attainable, and it is pro- 
ba'r>lo that, if we had sufficiently accurate and delicate means of 
measuring the bar, it would be found to be permanently elon- 
gated by the smallest loads if permitted to act for a length 
of time ; but for practiciil purposes the elasticity may be con- 
sidered pfjrfect up to loads of 3 or 4 tons per square inch, and 
with good wrought iron the permanent set is so slight for loads 
below the limit of 10 or 12 tons per square inch, or about one- 
half the bre iking weight, as not to be sensibly felt in a boiler 
fthell. Besides, with these small loads the permanent set will 
not be increase*! by any number of repeated applications of the 
same load, and it may therefore be considered as being consistent 
with perfect safety. But when the stress exceeds the abow 
limit, it will be found that the set is increased by repeated ap- 
plications of the same or even a less load, provided that time be 
allowed for it to act, and the limit of elasticity of the mateiiil 
is now said to have been exceeded. The limit of elasticity may 
then be (iefined as the greatest stress that can be applied without 
producing an increased set by repeated applications. The 
amount of elcmgation produced by a load exceeding the elastic 
limit will render the iron useless in most structures, and espe- 
cially in a steam boiler, where the tightness of the joints wfll 
I'ccome destroyed even before such a strain can be reached. It 
is therefore evident that we must be guided directly by tlw 
elastic limit of the material, and not by its ultimate breaking 
strength, in deciding upon the stress we can safely subject a 
boiler to. For mild steel the elastic limit may be taken at 
15 tons, 

if we continue to stretch our bar by increasing the load until 

it tears asunder, and then restretch the broken pieces, we shall 

find that they will bear as great a load, or even greater than 

in the tirst instance, showing that the actual breaking strengtk 

is not reduced by a strain little short of that sufficient to 

produce fracture. But the character of the iron will have beei 

changed, inasmuch as in the first instance the entire bar would 

be drawn out considerably before breaking, whereas in the fot* 

lowiug breakages the pieces ^\\\ V>ft iQi>\\id to break riiort rf- 

with comparatively little xedwctiou oi IxwiX^x^ ve»»^ «^^s&b^ 

iu consequence a more cr^ataWme itwiWx^^ 'YV^n 'tffiX\ft>"fc 
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1e to 8t»nd a sudden strain, although their limit of elasticity 
11 have been increased. 

Now, it is extremely probable that the hardness which is 
inced by a severe dead weight actii)g for a short length of 
ne may be produced by a very much less stress oft repeated 
d suddenly applied. This may explain why boiler plate, 
iginally good and ductile, has been found after long service to 
come hard and brittle, more especially when it has been ex- 
sed to severe strains, as in the part of a shell having a large 
le cut in for the dome, in some furnaces, or in locomotive 
iler barrels connected rigidly to the frames. In addition to 
e comparatively constant and steady steam pressure, it must 
t be forgotten that many boiler shells are subject to severe 
ocks from the sudden opening and shutting of valves, as well 
to severe tensile strains arising from the contraction caused by 
B sudden impingement of cold water or air against the hot plates. 
The limit of elasticity of wrought iron is materially affected 
• the number of times the application of the load is repeated, 
id also by the difference between the constant load on the 
ate rial and the increment of load that is applied, as well as 
' the length of time the constant and variable stresses act. 
x)m the ret*ults of carefully conducted experiments by various 
ithorities, and from general experience in boiler practice, it 
ay be concluded that the limit of elasticity for boiler plates 
ay be safely taken at 10 tons per square inch of nett section ; 
it to allow for contingencies it should not be taken at more 
lan -|- the breaking strength of the joints, which is the limit of 
st pressure to which a new boiler should be slraiued. This 
et pressure may also be safely applied to an old boiler whose 
ates have been exposed only to tensile strains, although they 
tay have varied in intensity many times a day from variations 
' temperature and pressure. But before such a test is applied 
I an old boiler its condition must be satisfactorily ascertained 
f thorough examination of every part both inside and out. 
ach an examination can, however, only be carried out in 
nrtain kinds of boilers, and these require to be completely 
ured and cleaned for the purpose. Any loss of strength by 
asting or grooving of plates, angle irons, rivets, or stays must 
r course be allowed for in estimating the strength. It may be 
onarked that the actual strength of a boiler may not be im- 
ured by a wasting in the body of the pVale «i^^'^ Itoro^ 'Ocva 
inki, BO long as the remaining seotion \a not \e«i^ \i^^\i. *^^ 
{* Beotum through the hue of rivet holes. 
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When the condition of the boiler after being nsed foi 
number of years cannot be satisfactorily ascertained, the testi 
pressure should not exceed one-fourth the estimated nlfcim] 
strength of the joints and stays. 

Tbe plates of some boilers are exposed to severe compressi 
as well as tensile strains, as in the shells of many long exte 
nally fired boilers, and in the barrels of some locomotive boilei 
rigidly attached to the frames. In such cases after long wei 
the tensile strength of the iron is greatly reduced, and th 
material is rendered brittle ; but we are in want of informatioi 
as to its effect on the limit of elasticity. It is, however, pro 
bable that the limit of elasticity is not reduced in the same pro 
portion as the ultimate strength of the material, and the aas 
factors of safety as above given may be used for the iff 
pressure, provided that it be gradually applied and the plite 
are not thrown into vibration by hammering or jarring of UQ 
kind. 

In deciding upon the proper factor of safety to use for A 
working pressure we must be guided by circumstances. For i 
boiler that is thoroughly examined at regular intervals, aii 
whose condition is satisfactorily known, we should be jnstidfi 
in allowing a less margin of safety than with a boiler that i 
allowed to work without being examined for a length of tine 
extending perhaps over several years, during which its strengti 
may become considerably reduced. In the former case thffl 
would be much less risk in using a factor of safety of only! 
for the working pressure, than in allowing as large a factor fl 
6 ill the latter case. Again, for boilers that are periodical^ 
examined we may safely use a less factor of safety when » 
can depend upon the non-corrosive action of the feed wa*« 
dry condition of the flues and surroundings, and uniformity ll 
strain, than when the reverse of these conditions is known M 
exist. 

As a rule we may use for the working pressure of jiew hoikOb 
or those whose condition is known and regularly ascertained 
intervals of from 6 to 12 months, a factor of safety of 5 
even somewhat less, and for those whose condition is not 
well known a factor of 6 or 8, according as the nature of 
case may demand. 

Since the strength of cylindrical flue tubes decreaaai 
the square of the reduction oC thickness, whilst the strength 
the shell decreases simply as \i\ift t^^xxoXK-otsl oi >(^vSssv^«^V 
xoargiu of safety for wear sViOvdd \>«> ^\o^<5>^ lot 'Ciift 
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CHAPTER XI. 

TESTING. 

Thb only means we have of ascertaining with any degree of 
mrtainty the safety of a boiler, is by the application of pressure, 
iriiich should be under conditions as similar as practicable to 
Jtbose of actual work. Let a boiler be ever so carefully de- 
lved and constructed according to the knowledge acquired by 
Sureful research and long experience in the strength and dis- 
position of its materials, and let every plate be tested before it 
b put in, there will still remain an element of doubt as to the 
Metoal strength of the boiler since the material may have sus- 
bdned injuries in the process of construction which have 
neaped detection. In the case of a new boiler, even by a first- 
nte maker, to say nothing of original and hidden flaws in the 
|Aates, bars, angle irons, and castings, there is always a possi- 
bility of defects such as bad welding, careless riveting, plates 
burnt in flanging or cracked in bending, and many other defects 
ibat may be traced to the want of skill or reckless negligence 
|9ii the part of the workmen. 

» Many cases of dangerous defects, which the strictest scrutiny 
^ the completed boiler would fail to detect have been brought 
tb light by the hydraulic test combined with careful inspection. - 
ifflie following may be given as examples. In a new boiler the 
rliTet holes in some of the shell plates instead of being about 
r^inch diameter were discovered to have been repunched 7^ 
^d made 1 inch by \^ in order to get the f -inch rivets 
through the holes in the adjoining plate. The section of the 
'^joining plates through the line of rivets was thereby reduced 
li or 15 per cent, more than necessary, and the strength was 
*Urther diminished by the presence of incipient fractures pro- 
»Uoed by the reckless use of the drift. The difficulty, or rather 
impossibility, of keeping the joint tight in te%tixi% \)^ \£^^'d^]&^(^ 
^t^easuro led to the discovery of tlneae deioc^^ '^'Vscl^ ^^\.^ 
9rtMnJjr dangerous. 
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In another case, the gusset plates of a Comish boiler wen 
found to be put in between the double-angle irons on the endi^ 
with the material between the holes and edge of the plate 
nearly all cut away. Such a defect would not be apparent to 
the eye, being completely concealed, nor to to the ear if tested 
by sound, yet its presence was revealed by the bulging of tlie 
plates on testing the boiler with water-pressure. 

These two cases indicate the possible unreliability of the men 
internal inspection of a finished boiler, and show that boileii 
should always be carefully inspected during construction, u 
well as when completed and ready for work. 

There are many boilers which do not admit of anything lib 
proper examination as, for example, locomotive boilers, which, » 
a rule, are worked with a less margin of safety than any other 
class. The expense of removing the tubes would alone faM 
a periodical examination of the barrel, and the water spaoei 
round the firebox are almost entirely out of sight. Then, 
again, many forms of marine boilers and the entire small firy of 
portable, agricultural, and small crane boilers are so oonstrootoi 
that a thorough examination is out of the question. There an 
also boilers whose construction being unusual or irregular and 
complicated, defy even an approximate calculation of their 
strength being made. 

IN'ow, in all these cases there is only one means of testing the 
strength, and that is the application of pressure. The noani 
ways in which this can be applied may be classed under two 
heads, viz., by steam and by water. 

To those who have not been accustomed to it, it may appeal 
the height of madness to test a boiler first by steam in ordfli 
to ascertain if it be safe at 50 or 25 per cent, lower pressorei 
as the case may be. This however is to some extent done, boi 
it was once the common practice at many of the boiler woda 
and r^way works throughout the country. This praotioe i 
neither more nor less than an attempt to explode a boiler in tb 
repairing shed or boiler yard, to see whether it will not ex< 
plode on the line or at the works of the purchaser. Notwith- 
standing that hundreds or thousands of boilers haye BUOoesBfiiQl 
passed through this ordeal, the danger of which is ximuS^ 
aggravated by caulking and hammering all the time at leaky 
rivets and joints, the principle is inherehtly bad, and aa 
amount of success which. Yd^Yieiito msy have attended it oH 
render the practice junti&aVAe. 
In favour of testing by Btea.m, \\. \a «t^^ ^^^V.^^Nak'^v 
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leihod by which the conditions of strain can possibly be the 
ame as tiiose under which the boiler is worked. No doubt 
his is in the main true, but the steam test should only be 
applied after the strength of the boiler has been ascertained by 
besting with water. 

With regard to the various modes of testing by hydraulic 
pressure, that commonly adopted is to pump water in until the 
lesired pressure be reached. The coDdition of the joints and 
riTets is then looked to, and any very coDspicuous distortion or 
defect probably noted. This is on the face of it only a slip- 
shod and altogether unsatisfactory manner of making the test. 
Of course, it will depend upon the construction and size of the 
boiler, and existing circumstances of situation, accessibility, <kc., 
which is the best course to pursue in any given case. In re« 
tasting boilers on their seating that have been some time at 
work, and whose condition has previously, but at no distant 
period, been ascertained by careful test and examination, the re- 
testing will be sufficiently satisfactory, if, when the pressure is 
pat on the gauge remains stationary, thereby indicating the 
absence of leakage. At the same time, it is always advisable to 
OT amine the flues and rest of the boiler that may be accessible 
whilst the pressure is on. 

In testing a new boiler, before the pressure is applied, the 
▼arious parts should be measured and gauged, and the results 
earefully noted. In Coruish and LaDcashire boilers each belting 
of plates of which the internal tubes are made up should be 
•ooorately gauged across the diameter, both vertically and 
borizontally, particularly if the tubes are somewhat oval. The 
«zact spots where the measurements are taken are best in- 
dicated with accuracy, by marking them with a centre punch 
and the dimensions at each place should be written on the 
plate or othewise carefully noted for checking when the pres- 
sure is on. Sometimes, however, the more troublesome plan is 
used of making a separate rod gauge for each measurement. 
* It is very troublesome and difficult to measure and re- 
measure the circumference of a large boiler shell with any 
degree of accuracy by steel tape lines or other means. The 
> amount of permanent set in cylindrical shells is usually so slight 
I irhen the boiler is not injured by the test, as to be scarcely per- 
aeptible with the rough means employed to measure it. Most 
attempts to carrying out the systeux oi g;8bW^^ ^^ ^so^sos&s- 
iiaeence have in consequence proved \maa\.\»lMi\.or5^ «sA\a2^^ 
been abandoned after a short triaL Tk© eff«i\. ol \Jsvft vtfiRKoa? 
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on flat surfaces, stayed or unstayed, however, admits of aoco- 
rate measurement with simple appliances and with little tronUft 

After the teht pressure has been maintained some time, tlia 
measurements previouHly obtained should be checked, and an/ 
extension, distortion, bulging, &c., carefully noted. Then, 
again, when the pressure is relaxed, which may be done sud- 
denly, it should be ascertained whether any changes of shi^ 
that may have been found are permanent or not. If there be 
any permanent enlargement or distortion, even of the slighteifc 
degiee, it should be satiKfactorily examined to decide whether 
it is due to the elastic limit of the material having been ex- 
ceeded or to mal-coustruction. There are cases, as, for instance^ 
with flat surfaces, where a peimanent set might take place and 
^'hich would be quite safe at the ordinary working pressnm 
This is especially the case with stayed surfaces, for it seldom 
happens that each stay in a series takes its due proportion d 
load until the stays have been stretched or the plates distorted 
by the pressure. 

But cases of a permanent flue tube distortion or flattening! 
must always be treated with the greatest caution, since the 
change of shape is liable to become aggravated on a subsequent 
application of the same or even a less pressure. In all caaei 
where a permanent set is discovered, the test should be repeated 
again and again if necessary, to ascertain if the set becomei 
increased. 

Some advocate the method of marking the leaky seams and 
rivets when the full pressure is on, and then reducing the pres- 
sure for caulking. This may appear, however, an unnecessary 
precaution when testing with water, yet it should alvraye he 
rigidly carried out when testing by steam. The jarring caused 
by the caulking is no doubt liable to start the seams and canst 
fresh leakage when the shell is under severe stress, and in all 
cases it is perhaps better to reduce the pressure whilst the 
boiler is being caulked. 

Maijy recommend the employment of hot water for testingi 
since it assimilates the conditions of stress to those the boiler ii 
exposed to when at work. However, the nearer the hesft 
approaches to the conditions of working, the less capable is the 
boiler of being gauged and examined, in consequence of the 
presence of the very heat that is recommended. This fact oon- 
demnBj in the writer's opinion., \i\ift xjife^kQ^ o€ uaing very hoi 
water, as a hydraulic test ia com^«£^\,VM<^Tf ^oTfC(^<s»^ ^«<&e«i^ 
careful examination at the aa»i© ^"^^^ '^^^ ^\sv8<etosLNto\A 
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bing applies most strongly to tubular boilers where the large 
»es are likely to be the weakest portion of the structure, and 
uld consequently be the most carefully examined under pres- 
e. Moreover, the effects produced by the uniform expansion 
the whole boiler in using hot water for testing are in many 
es very unlike the local expansion of the plates and 
ler effects produced by the fire and hot gases. 
A. plan has been proposed and in some few cases adopted of 
ing the boiler with water, closing every outlet and putting a 
) to it. Aa water expands about ^^ in volume in rising from 
° to 212% the rise of temperature as the water becomes heated 
I cause a corresponding increase of pressure, and from the 
rularity with which the pressure rises the condition of the 
iler can be decided, any jerks or starts of the gauge hand 
ing considered to denote weakness, the soundness, on the other 
ad, being indicated by the steady rise of the pressure gauge, 
using this method of testing, there will be some difficulty in 
pilating the fire so as to impart the heat in a uniform and 
pilar manner, and also some difficulty in maintaining the tem- 
rature for any length of time exactly at the point to cor- 
}pond with the desired pressure. The use of this plan would 
course forbid the examination during the test, at leas 6 of the 
ating surface, and it is very doubtful whether the rise of 
essure would be so irregular in most cases as to attract 
i^ntion in the event of any portion becoming overstrained. 
It i^ most important that any permanent increase of volume 
3uld be detected and the following plan for this has been 
Dposed : After the boiler is filled, the quantity of water 
reed in to raise the pressure is accurately ascertained. On 
moving the pressure the boiler will contract more or less, and 
e amount of water forced out, if less than that forced in, will 
considered to indicate a permanent dilation of volume. The 
r in the boiler, to say nothing of that present in the water 
liich, however, could be removed temporarily by boiling, would 
most cases destroy the accuracy of this test. In most boilers 
ere are so many places for the air to lodge about the highest 
tints as to cause its entire removal no easy matter. Besides, 
ly leakage during the test would falsify the result obtained by 
easuring the water, and the springing of the plates on release 
' pressure would be apt to dislodge more than the amount of 
ater due to contraction of volume alone. 
In wMchever maifner a boiler is tested, too ^^«^i cid^^ ^asc^c^^^ 
exercised in obiainiDg the exact amow\i\» oi \ft«esKXt^ ^o^- 
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ployed. Tho weighting of safety valves is quite unrdiiHiP^'' ^ 
when water pressure is used, and dial gauges are too tptto |Av''=^ 
out of order to be implicitly trusted when only a single 0'IV''^'J 
is used. Several curious but serious accidents to bcilen hiHV^ ^ * 
happened through relying upon the indications of a n^A^^^' 
X^resRure gauge when testing by hydraulic pressure. W^' -':' 

Although a boiler cannot be exploded when water prMMv'-^'-^ 
aloiio w used, a few serious accidents have occurred £ramttw^^^'= 
spriiigiug of the plates on their giving way under hyd n iJ ifcr D ' 
tost. This is more likely to occur with steel than with innET: '-■ 
plates. The spring upon the material, together with the a4r :^^ 
pauKion of the compressed air have been known to cause a iiMlKpi£>* 
plate to double right back when it has been firactured inteBtni|v'*^ 

There are many who oppose the system of testing boOennuL. i^ 
hydraulic pressure on the ground that it does not tell usAvi'^ 
actual strength of the boiler after alL But the same oli9t»>lEl; ^^ 
tiou may be urged with equal force against the use of H '^'"V^ 
test, and the reply to this objection is twofold : 1, the teHk Ik ^ 
not meant for perfectly sound boilers, but for the detectkm «^^7 
weakness, which is usually local, and if carefully conducted, ^»' ^ 
tost gives us positive evidence of the presence or absence oliodkB'^! 
weakness, and of the safety of the boiler at the pressure it iiVr^ 
intended to work at, so far as the pressure per se is conoemei m^ 
2, In order to ascertain the actual strength of a boiler, m m- 
should have to burst it, or at any rate so far strain it as to ■• 
render it worthless, which no sane person would demand for a w 
boiler ho intends working. I 

There is, however, a more sensible argument that appHea ■ 
eijually to steam and hydraulic tests, viz. : — A boiler may be I 
strained without detection, beyond its elastic limit, either locally I 
or generally by the test pressure, so as to render it unsafe at I 
tho lower working pressure ; or, in other words, a high teet I 
pressure may render a boiler unsafe which would otherwise hafe I 
been safe at the lower pressure used in working it. It is feared I 
that any weakness may be aggravated by the test without being I 
disclosed by it. Such a case is certainly within the bounds of I 
probability, and the fact of its possibility should urge tho I 
expediency of close inspection whilst the boiler is under preoaura \ 

The danger of seriously injuring the strength by using an 

excessive test pressure is most likely to occur in the oaas of 

tubular boilers, where the difitoxtion. of the large tubes beoomea 

rapidly aggravated by a lower pTOBsxn^ ^iSoaai >Sba^ \a ^^rVo^ ^ 

distortion in the first plaoo xoKy 'Vi«iiN^\ie«a. ^x^a. 



TESTING. 228 

jDOw to the question, — How long should the test 
oaintained ? On the one hand, by keeping it on m 

as possible any serious straining may be prevented 
veak boiler, but on the other hand, by maintaining 

a considerable time — say half an hour or more, it 

the detection of weakness which would otherwise 
served. As to the first of these contingencies, a 
ially if new, should not be considered sound if 
»ar a pressure considerably in excess of its working 

a considerable length of time ; besides, a test of 
on is incompatible with efident inspection. Want 

in the joints is often revealed by leakage, only 
assure has been applied for some time. In expla- 
ay be stated that the steam or water leaking from a 
lOt always find ifcs way between the plates imme- 
>8ite the point of issue, but the actual source of 

as we may call it, is at some point perhaps several 
at, whence ifc requires a considerable time to force 
be point where it makes its appearance. There can 

that, from the manner in which boilers are usually 
:, the internal pressure is not equally resisted by 
the shell, and produces an undue and often very 
n on one plate or portion of a plate. This is 
3 cause of many leakages that occur, and which only 
after the plate becomes stretched and relieved of 
rain, and it is therefore advisable in testing, to 
>ressure to act long enough to stretch such weak 

ether a boiler is strained most severely by steam or 
3 pressure, this will be found to resolve itself almost 
) a question of construction. 

under steam is often strained, especially in a longir; 
3ction, more by the greater dilation of the tubes 
ith the shell, or by the unequal expansion of the top \ 
of the shell than by the actual fluid pressure. In ■ 
lid not be difficult to design a boiler that would ' 
lently with 30 or 40 lbs. of steam pressure, and 
.d not be unduly strained by 200 or 300 lbs. of 
ire. The persistent leakage at the shell ring seams, 
Dttom of horizontal internally fired boilers without .■ 
es, is usually ascribed to the diffeTence ixv^t^^'c^^nsft (. 
* and BteAm at the bottom and Xop ol \)i[i<b'W^^!t^\s<Q^ 
3s the leakage is principally oa\x«^ ^i^^ ^^V»^B^'^ 
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dinal straming of the bottom of the shell, clue to the gr( 
expansion of the tubes, especially when the filing is force 
getting up steam after the boiler has been at rest. As 
straining would not take place in testing the boiler by hydn 
pressure in the usual manner, this leakage would not be 
duced. It follows from the above coDsiderations, tb 
hydraulic test might fail to indicate weakness which woul 
produced and made apparent by steam pressure. 

It is often much more difficult to keep a boiler perf( 
tight, and free from oozing at the rivets, plate edges, stays, 
tube ends under a very high water pressure than undei 
equal pressure of steam. This is probably owing to the \ 
that the high temperature in the latter case tends to close 
joints, and with certain kinds of water any slight oozio 
found to take up by the opening becoming closed with depoa 
corrosion, which is induced by the high temperature. 

It is sometimes urged, that the severe percussive or dyn; 
force produced by the sudden raising of steam by hard fi] 
or by suddenly opening and shutting the valves and cc 
strains a boiler more than the dead static pressure whic 
supposed to be exerted in employing the hydraulic test, 
instead of the hydraulic test being a mere dead pressure, 
rapid working of tbe pump often produces a severer sue 
strain than can well be produced when there is an el 
cushion of steam in the boiler, and when the pump is carel( 
used the inelastic property of the water may render the tv 
test unduly severe. In order to obviate any severe shock 
using the pump, the connection between it and the b 
should be made of a very small area. 

In supplying the boiler with water for testing, some engio 
always stop the outlets from the boiler before it is quite 
and so retain a quantity of air to act as a cushion when 
pressure is applied by the pump. 

Although the system of testing boilers by hydraulic pres 
to a point considerably above their working pressure has u 
opponents, its value is attested by the numerous legisla 
enactments in force for its employment abroad. In i 
countries the law is more lenient towards old than new boil 
and is not so severe with multitubular as with other boilers 
far as the degree of pressure to be applied is concen 
The reasons for this have been indicated in the last cbapi 
it may, however, be furtlier xemaiV^^ ^iJa».\. m \5aa ^su^ ^5 
old boiler ot whose oonditiou t\iwe m%."^ \i^ wstaa ^\»s^>sskS9 
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.ulic test should not be applied UDtil its form and the 
^h of plates, as measured by the thickness, have bedn 
ained by inspection, where this is possible, in order to 
against overstraining. But when this is impracticable, 
many multitubular boilers, one and a half times would 
'er than twice the working pressure for the limit of the 

3oiler that has been at work for some time, and has thus, 
aanner, proved its capability of bearing a given pressure, 
be considered i^e if it wUl stand a test of one and a 
imes its working load ; even if it has been overstrained by 
3st, it may still be considered safe for a limited time, 
ffects of overstraining would probably be detected on a 
tion of the test, after the boiler had been working some 
and this appears to be an argument in favour of perio^ 
testing, especially when a reliable inspection cannot be 

3 inspection of boilers should commence at the works 
the plates are manufactured, where alone many circum- 
IS connected with their quality can be ascertained, 
ny new boilers proved tight and sound on testing at the 
-s', have been damaged in their subsequent lifting and 
t, and still more have been seriously damaged by getting 
tarn too hurriedly the first time for regular work. 
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CHAPTER XII. 

BOILER EXPLOSIONS. 

Safety or freedom from liability to explode is the first cod- 
dition to be sought in using a steam boiler. That this ooo- 
dition is far froui being universally attained, is but too woU 
proved by the frequent occurrence of disastrous explosions. 

It was formerly the rule which, unfortunately, still to some 
extent prevails, to attribute explosions to occult causes. Snob 
phenomena as electricity, generation of explosive gases witlun 
the boiler from the decomposition of steam, the instantaneooi 
•flashing of a large body of water into steam, accounted for by 
the spheroidal theory or from the superheating of water purged 
of air, great deterioration in the quality of the plates ftoOL 
chemical changes, and mysterious overheating and superheating 
have been from time to time urged as causes' of boiler explo- 
sions, and usually with a confidence and persistence in the 
inverse proportion to the fitness which would qualify their 
propoundera to speak of them. Unwillingness to know the 
true cause of an explosion on the part of those interested, as 
well as inability of others to scrutinise the facts of the oaae^ 
]iave, no doubt, been the means of perpetuating much of the 
speculative nonsense that has been promulgated on this subject 
In this country it has been mainly through the researdiei 
and efforts of Sir W. Fairbaim, the engineers of the Man- 
chester Steam Users' Association, and more recently the engi- 
neers of the Boiler Insurance Companies, that explosions have 
been stripped of the mystery in which they were shrouded, and 
have been ascribed to their true cause. [ As a nde, steam boilefi 
explode from one cause alone — overpressure of steam.] The 
term overpressure is here used not relatively to the worlmig or 
blowing-off pressure, but to the strength of the boiler, h 
often happens tha^ boUexa are \xm> ^«ek. {.ox ike preerave ibflf 
are worked at, and no acc\mi\x\eAioTv ot ^xneBosft \wrraii^ ^ ^ 
ia requisite io bring about t\i©rc OLeafenani\,\oTu '^^Jft " 
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of a boiler being unfit to bear its working pressure may 
be due — 1, to its original design and power of resistance not 
being understood by those who fix the pressure it works 
at, a common occurrence, arising from ignorance ; 2, to the 
strength, although originally sufficient to bear the working 
pressure, having been gradually reduced by wear and tear, 
in which case the error is due to the neglect ; 3, to the 
strength of the structure becoming suddenly overtaxed and 
diminished, as by sudden unequal contraction, caused by unfore- 
seen circumstances or neglect, when its escaping detection until 
too late may be due to negligence, or, perhaps, in extremely 
rare cases,' to those nondescript causes that swell the chapter 
.of accidents, from which the cfltrrying on of human affairs appears 
to be inseparable ; 4, to defects in workmanship or materialf 
whose presence, in the great majority of cases, can be detected 
by proper inspection and testing, but which may happen in 
rare cases to escape the closest scrutioy, and must be placed in 
the list of humiliating ciroumstances which remind us of our 
fiftUibiUty. 

If we examine these heads more closely, we shall find — ^ 
1, that ignorance of the principles of construction is exhi- 
bited in allowing large flat surfaces to exist without staying, 
or in wrongly applying intended means to strengthen tiiem. 
Cases are met with of Cornish and Lancashire boilers converted 
into plain flat-ended cylindrical boilers, where the neglect to 
provide for the loss of strength due to the removal of the 
through tubes can only end in disaster. In some descriptions 
of internally fired and furnace boilers, the flue tubes, instead of 
passing from end to end are taken through the shell side, or are 
made of a horseshoe shape. Their efficiency as longitudinal 
stays is thus done away with, and when no other stays or 
means of imparting strength are substituted — by no means a 
rare occurrence— explosion is likely to follow. 

The following are examples of ignorance of design that have 
led to explosion : — Application of inefficient diagonal stay bars ; 
stay bars attached diagonally to furnace tubes ; longitudinal 
stay bars rendered useless by being bent, or arranged without 
strutting to clear floats, feed pipes, ^c. ; girder stays of flat- 
iopped fireboxes and combustion chambers cut away in the 
middle to dear steam pipes, ^c. ; absence of stay bolts in flat\ 
. fireboxea where needed^ or stays not made o.vi&^ei^'s ^^.tots^^V 
' attempting to streDgihen flat end platea by %tVSsI^x^E, Vsa^ra^ ^^ 
A^foy; abtience of endrcllDg atreng^ibeimi^ xvi^s^ ox V^^ 
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round large tubes ; removing these hoops for fear of leading to 
overheating ; hoops applied in halves without having their ends 
attached to complete the circle ; angle iron hoops partially cat 
away to clear obstructions ; hoops applied to elliptical tubei, 
as though their efficiency were equal to similar hoops round 
circular tubes ; application of too numerous carrying brackets 
to the sides of externally fired boilers, so as to interfere with 
the freedom to expand and contract ; cutting away the sheU- 
phites for manholes, domes, and other mpautings, without 
making adequate provision for the loss of strength involved ; 
( rigidly attaching boilers to seats or frames, as in locomotives ; 
omitting to stay oval or large circular combustion chambers to 
shell sides ; omitting to provide large weak boiler shells with 
valves opening inwardly ; omitting to allow for spring in the 
end plates for the expansion of the through tubes in long 
vertical boilers ; omitting to provide against collapse of the 
closed crowns of the flue tubes in some kinds of vertical furnace 
boilers ; omitting to tie or stay the weak flat bottoms or t(^ 
as the case may be, or vertical furnace boilers ; omitting to tie 
the sides of some descriptions of dry bottoin furnace and 
Butterly boilers. 

2. The defects that arise gradually from wear and tear, such 
as wasting by corrosion and grooving, and which are likely 
to seriously impair the strength of the boiler, have already 
been discussed under '* Wear and Tear." 

3. The strength of the structure, originally suflScient for the 
pressure, can only become suddeidy reduced to a dangerous 
degree by overheating, or overstraiuing through too sudden 
cooliug or excessive expan«don of flue tubes. Overheating may 
be caused by shortness of water ; by accumulation of deposit 
or foieign matter on the furnace or flue plates and tubes ; by 
defective circulation ; by the metal being too thick near the 
fire, or by the heat beiug very intense and concentrated, when 
even thill plates with moderately pure water are liable to dete- 
riorate ; by the accumulation of air and steam in the upper 
parts of the tubes or cells of "tubulous" and "unit" boilen^ 
from which it cannot escape, in which case the design of the 
boiler is at fault. 

Shortnc ss of water may be due to leakage of joints, valval^ 

or mountings below the water line, or by taps or valves beiqg 

carelessly left open. It may a\ao V^^ dxift to excessive priniing» 

or, in vertical boilers contamin^ \\\.V\^ -^^Xwc^ \i^ ^ voL^^^^^ak 

excesBive demand for ssteam. 1^ \ft ^om^XAxr.f^ waasiWs^ H^ss» 
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in the fe.ed supply, either through ^heer neglect to turn on the 
feed in sufficient quantity, or through some accidental or wilful 
stoppage, breakage, or detachment of pipe. The back pressure 
▼alve sticking or becoming inoperative, or absence of any back 
pressure feed valve, when the water may be forced back through 
the feed apparatus, or syphoned out from one boiler into 
snother, has often led to shortness of water. It may also be 
indirectly due to the water gauges, floats, <bc., being allowed to 
get into such bad condition as to be unreliable, and lead to a 
false reading of the water level. 

Accumulation of deposit is usually produced by bad feed 
water. It may take the form of solid hard incrustation, or of 
a thick adhesive paste, lying only in certain parts. The accu- 
mulation may also act only in thickening the water, which is, 
however, usually the most dangerous form, as its presence is 
then least suspected. Foreign matters of various kinds are 
often added intentionally to remove incrustation, and are 
sometimes inadvertently left within the boiler after repairs or 
cleaning. The accumulation is promoted by making the boiler 
inaccessible for its removal, and by defective circulation. 

Defective circulation may be due to the design of the boiler, 
from its having too cramped water spaces, which defect becomes 
aggravated by accumulation of incrustation ; from water tubes 
being placed horizontally or with insufficient inclination ; from 
the connection being impeded by overcrowding of tubes, or 
placing them too close over furnace crowns, and from having 
too large a body of dead water lying below the heating surface. 

Too great a thickness may be due to the use of excessively 
thick plates ; to making the amount of lap excessive ; to bad 
arrangement of furnace strengthening hoops, to careless patch- 
ing, and to the injudicious application of stays and top hamper 
on flat firebox and combustion chamber crowns. 

The heat may be too intense and concentrated, like a blow- 
pipe flame, as with some arrangements of furnace boilers, where 
the famaoe throat is short, and the hot gases are delivered 
right on to a plate of the shell or tube, which may be thereby 
gradually distressed and weakened, or rapidly burnt by the 
heat driving the water off the surface. The upper portions of 
horissontal or inclined water tubes being filled with steam, are 
liable to become overheated and destroyed, either slowly or rapidly, 
according to the intensity of the heat they axe ^il'^o'^q^Hi^. 

Theportiona ofAue tubes passing fhTOWgld >^^ «Xifik«.\si %^'aj:^ ^' 
TerticBl boilen, both iarge and small, eapeoiBWy -^^sftix VXsa «t 
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of firegrate is large in proportion to the heating surface, tn 
liable to overheating and collapse. This renders the working 
of small vertical internally fired boilers with chimney fines un- 
safe when an unusual demand for steam arises, since the forcing 
of the tires is liable to raise the temperature of the flue pktoi 
to a dangerous degree. Small boilers of this class are aJnuMft 
invariably employed where weight and space are limited, bat 
they should only be used for easy and regular work. 

Oases of overstraining through sudden cooling and exoesdfs 
expansion, have already been considered in the chapter on 
'^ Wear and Tear." It is obvious that overheating from aooa- 
mulation of deposit is most likely to occur in plain cylindiiol 
externally fired boilers, as the deposit falling from the sides ii 
apt to become thick on the bottom plates exposed to the flame, 
or even over the fire. The same result may happen, however, 
when internally fired tubular boilers are very short in propor- 
tion to the size of iiregrate, since the gases may be tASH 
intensely heated before passing underneath the boiler bottom. 
In fact, such a boiler is exposed to some of the same risks as an 
externally fired boiler. 

4. Defects of workmanship and material are most liable to 
escape detection in small vertical boilers and in multitubular 
boilers of the locomotive and other types where the inside 
cannot be examined unless the tubes are removed or the boilen 
are partially taken to pieces. The defects in workmansb^ 
usually found are carelessly punched and fractured rivet holfli, 
burnt or broken rivets, plates damaged by burning, or fracture 
in flanging, dishing, bending, welding, hammering, and punch- 
ing, in the boiler yard or during repairs ; defective welding of 
plates and stays, fractures in the ends of brass and small iron 
tubes, and carelessly-secured stays. Old plates are frequeutlj 
seriously damaged by patching them with new plates, in the 
- process of removing the rivets, in putting on the new patch, 
and also by the greater expansion and contraction of the ne' 
pkkte, when the boiler is at work, especially when it is over 
the fire. 

Defects of material, such as blisters, lamination, and those 
arising out of the insufficiency in size of the slab from which thf 
plate is cut and adhesion of sand or cinder in rolling can some- 
times, but not always, be detected by inspection. Brittlenea 
of material, unless it be gVaim^Vj \>^^ cSbU seldom be dii- 
covered by ordinary iuspectioii «i\i«t VJiaa <»3pcksi^x\iA>ckssQL ^"^ 

boiler ia completed. 
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Boilers of the full calculated streDgth are often exploded by 
an accumulatioa of steam pressure beyond that assigned to 
ihem. 

The overpressure may be due to the total absence, or in- 
adequate size or lift, of safety valves or self-acting means of 
escape for the steam or to the communication between the 
safety valve and boiler being shut off by some valve or other 
means. Such an accident may occur when the safety valve is 
injudiciously placed on the steam pipe, beyond the steam shut- 
off valve. When the safety valve forms one of a cluster of 
mountings on one pipe or branch from the boUer, it is 
a oommon practice during clearing and repairs to plug up 
the aperture of the pipe from the inside, to prevent the drip- 
ping of water on those engaged inside the boiler. Now, the 
liak there is of neglecting to remove the plug, and so endanger- 
ing the safety of the boiler should never be incurred. The 
safety valve should, therefore, be always applied as an indepen- 
dent mounting. 

Overpressure may arise from the safety valve being recklessly 
overweighted, by increasing the length of the lever, or the 
amount of the weight on the lever in valves of this construc- 
tion. It may be caused by screwing down, tying or wedging 
fast the lever or dead weight ; by the sticking fast of the 
lever, valve, or spindles in connection, and by the escape pipe, 
' when there is one, becoming plugged up by the water freezing 
or other accident. 

Safety valves of the ordinary lever construction offer the 
greatest facilities for overweighting, which is sometimes resorted 
-to when the valve is not tight at the working pressure, through 
luilty design, or for want of re-grinding or proper attention. 

Overweighting is also resorted to in order to make the blow- 
iog-off pressure agree with the telling of a defective pressure 
gauge, or from sheer laziness on the part of the firemen when 
the wish is to save trouble in attending to the boiler. The 
fadlities and temptations for overloading may be diminished by 
cutting the lever to the shortest length admissible, or when 
spring balances are used, by preventing the po.ssibility of screw- 
ing down beyond a certain point by the application of ferules 
or other means. By placing the sii^ety valves in a conspicuous 
suid open position, so that the addition of irregular weights 
may be at once detected and the wed^^ ot \i^\i^ ^«wcl t«i^- 
fiered dMoalt, the temptation to overload \^id '^«i'VQi& V& t«^n)i52k^ 
Tie U30 of dead-weight valves, of good. QO\i%\.x\wi\K»^i * 
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stationary boilers, renders overloading to a dangerous degree 
uo easy task. 

A common practice, where little attention is paid to boiler 
management, is to wedge down the valve, by inserting a duael 
or other suitable article between the lever and top of the guide 
through which it passes. 

The stickiug fast of the valve may be due to the metal of 
the lid and seat seizing or wedging tight together, by loDg 
contact or excessive pressure ; to the bending of the central 
spindle, or wedging tight of feathers and guides, by expansiQii, 
or by the thrust from the spindle or double eye not acting pe^ 
pendicularly on the valve lid, or by this spindle under the 
lever sticking fast in the bonnet or stufiSng box, when the valve 
Ls of the closed in description. Sticking fast of the lever ii 
often caused by the corrosion of the double eye and pin at the 
fulcrum end. In order to avoid this corrosion the double eye 
and pin, and in some cases the lever, are best made of gun 
metal, or worked on a knife edge, if the condition can be easily 
ascertained at any moment. It is a mistake to use mneh 
grease to the safety-valve lever joints, where there is maeh 
coal dust or dirt, as the grease rapidly becomes converted into 
a sticky mass, that clogs the action of the lever instead of 
aiding it. 

In order to lessen the risk of overpressure from the safety 
valve becoming inoperative, every boiler should be provided 
with two safety valves, one of them at least being of the 
external dead -weight type, for stationary boilers. Lock-up 
valves cannot be recommended, as they become useless nnlen 
frequently eased off their seats. 

Other circumstances are to be met with besides gradual ac- 
cumulation of steam pressure, that may possibly bring about 
the destruction of a boiler strong enough to bear the ordinary 
pressure at which the safety valves blow ofif. The convenicm 
of the static pressure into a dynamic force, by suddenly 
opening or closing a large steam valve or safety valve, may pro- 
duce a violent rush of steam and water against the part of the 
boiler whence the steam is drawn. The percussion of the water 
and steam in such cases has been known to shake the whole 
fabric of the boiler. When produced by the sudden opening 
of the steam junction valve, the percussive action has been 
known to lift the safety valve momentarily right off its seet, 
although more than six feet d\«.\aAv\. feom VJive v^yvX <A ^ssS^^ 
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A few cased are recorded of boilers being damaged and 
beating apparatus destroyed by the detonation of explosive 
mixtures in the flues. Gases are formed and accumulated 
under certain conditions, from the slow distillation of the coal 
▼hen the damper is closed. On the fire door being suddenly 
opened the rush of air mixing with the gas and becoming sud- 
denly ignited produces an explosion. Harmless explosions of 
this kind on a small scale are very frequent, and it is difficult 
to explain how violent explosions are not more frequent than 
they are. The disturbance of a boiler under steam by such a 
detonation might so strain it as to bring about an explosion at 
the ordinary working pressure. Oases have occurred of exter- 
nally fired boilers, standing empty for cleaning, being seriously 
ngured by an explosion of gas, which has found its way through 
lome opening where the valves have been open or fittings 
nmoved. On a lighted lamp or candle being applied to the 
manhole, the mixture of gas and air have exploded with a loud 
leport and fatal result. 

Explosions of locomotive boilers have been brought about by 
the fracturing of the shell, caused by the dome being carried 
away in coming in contact with tunnels or overhead bridges, 
or by the shell being t>ierced by a broken connecting rod when 
nmning. 

Several cases have occurred of the so-called simultaneous 
aplodon of two or more boilers working side by side. This is 
nraally brought about by the explosion of a single boiler in 
the first instance, from being too weak to bear the Bteam pres- 
■Qie, when the projected portions coming in violent contact 
^th the other boilers under steam, and producing rupture, 
eanse their explosion. 

When a boiler gives way from overpressure or sudden con- 
inetion, a rent may be formed or a piece of plate blown out. 
Re former is the most usual manner of yielding ; but in both 
eues it will depend upon the strength, nature, and arrangement 
cf the material bounding the initial fracture as well as its 
p<feition, and also npon the pressure, temperature, and amount 
of water and steam in the boiler, whether the contents will 
Stadually escape through the opening already made, or whether 
in their violent rush they will increase the extent of opening, 
And make it easy for the steam behind to tear the boiler into 
teveral pieces, and cause a violent explosion. 

Tfow to make this more clear, we shall ^xat eon'ea.^et ^^ *\x^- 
oenoe of the poaition of fracture. Man^ caaea Vwe» w.<s«sxA 
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of manhole lids on the crowns of horizontal boilers being blown 
aloft, either from defect of fastening down or defect of material 
When the manhole is properly fortified with a mouthpiece or 
ring the cover is projected aloft, the contents gradually escape 
through the hole and the boiler is left on its seat (if this be 
sufficiently strong to withstand the recoil), and probably no 
further damage is done, except to the boiler-house root 
Should, however, the same accident happen to a manhole cover 
underneath the boiler, placed near the ground, the effect will 
be very different, and it will depend upon the weight of the 
boiler and water contained, size of manhole, pressure of steam, 
and distance of aperture from the ground, whether the boiler 
and its contents will be merely raised a little from its seat, 
or whether it will be shot aloft like a rocket by the unbalanoed 
pressure on the discharge of steam. If the manhole were in 
the side of a vertical boiler, and near the top, the blowing off 
of the lid into an open space in front would probably topple 
over the boiler if it were not well supported. 

Again, if the manhole in our first case were without any 
provision for strengthening the plate surrounding it, and if the 
edges of the plate wore reduced in strength by fractures or 
corrosion and wear, the rush of steam and water, on the lid 
blowing off, would probably start a rent in the shell, which a 
high pressure within the boiler would continue along the linea 
of least resistance, and the result would be a violent explosion, 
the severed plates bidng carried in different directions. 

The remarks respecting the blowfng away of the manhole 
cover apply also to the case of a piece of plate being blown 
out. 

It is easy to conceive how an incipient rent in a plate may , 
be carried on by the same pressure that would be insufficient to 
commence the rent, when we remember how easily a piece of 
stout paper or cloth is torn through when a rent is made, ever 
so slightly, either at the edge or in the body of the material, 
or how easily a stick or cane is torn in two when a nick ia 
made in the end. In all such cases the apparent weakness of 
the material at the initial fracture is due to the unequal man- 
ner in which the divellent strain is distributed over the fibres 
of the material when the rent is once begun. 

When the boiler plates are brittle, the vibration caused by a 
sudden jar, such as is produced by a sudden rush of water and 
atesan, may also have effect m coii\Mi"v>LVii% ^ iro^Xjoaft ^-^^fc VMqpn 
in a manner similar to ihA\. \i\cL^ c»^»«» ^&»»^ *»^ ^jje«M8t\!cSft^ 
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naierials to break ap so rapidly, once they are slightly 
rectured. 

When one or more portions of a boiler have been separated 
h>m the rest, and have been lifted and set in motion by the 
jvessure, it is easy to conceive how the quantity of steam 
Mhind given off from a large body of water at a high tempera- 
mre can propel them to a great distance. The manner in 
vhich large masses of plate are completely flattened out shows 
diat the disruptive force has been exerted in all directions, and 
BOt merely in one line to which the first rush of steam and 
irater has taken place, as has been assumed by some writers on 
Sub subject. 

If a cylindrical shell plate gives way by rending through a 
fine of rivet holes, or along a line of grooving or external 
OOfTosion, it will greatly depend upon its mode of connection 
with the adjoining belts of plates whether the rent will extend 
ftirther than one plate. In the first place, if the rent should 
occur at a longitudinal seam, either through the rivet holes 
or at the edge of the overlapping plate, in a boiler where 
fte riveting extends in a continuous line from end to end, it 
vill probably pass right along through several plates, although 
ftey may be strong compared with the plate where the fracture 
oommenced. Should, however, the weak line stop short at the 
edges of the plate, as when the longitudinal seams break joint, 
on giving way, the pressure tending to flatten the plate out will 
cause the rupture to pass through a line of transverse rivet 
kotos or tear off the rivet heads, if the ruptured plate be out- 
ade the other plates at the ring seam ; but should the overlap 
d the fractured plate be inside the other plate, the flattening 
OQt will be resisted, and the longitudinal fracture will probably 
tttend to the next plate, still retaining a longitu(iinal direction 
IT striking off in a diagonal direction, according to the position 
of the line of least resistance, which will be varied with the 
tuumer in which the plate opens out. 

Beferring to the first of the two cases just considered, such 
^ plate opening out near the crown of a horizontal boiler, or 
11 any part of a locomotive or vertical boiler where the steam 
9kd water have plenty of room to escape, will probably only 
Uise damage by the issuing contents, the rest of the boiler 
Villaining undisturbed. But if the rent occur where the 
leaping steam and water come in immediate QQi\i\a£X> ^^niC^ ^ 
aairj izMtr^' mass, as, when the platea rend Yii^d<d ^ ^^^ '^^ 
oiMtble eoasequenoe will be that the oou^nod «^A»2ai^^r^ \i^^ 
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long tlie transverse fractures, until the boiler is separated into 
two or more (.ieces, and project, one or all, to some distance, 

Trani^verse seam rips, which occur most frequently in extv* 
nally lire boilers, have already been treated of under the head 
of " Wear and Tear." WTien these rents occur on the bottom, 
during the working of the boiler, and the weight of the slieB 
and its contents is very great, the recoil frequently raises ana 
end, when the boiler separates, and the lightest or freest po^ 
tion is projected endways to a distance. 

The absence of longitudinal stays or ties in most extemaUy 
fireil boilers increases the facility of the ends to take leave of 
each other when once the shell is divided. Should the weight 
of the boiler and contents be small compared with the pre^ 
sure, the recoil will probably project the whole boiler aloft, 
when the expansion of the steam will further separate it, snd 
the pieces will fall in different places. 

If the seam rip be confined to a short length, the pressun 
may be gradually released, without lifting the boiler from iti 
seat at all. 

These seam rips on the bottom are sometimes caused by the 
sudden contraction of the plates on filling the boiler with odd 
water whilst the bottom is still hot after emptying. When not 
detected before the boiler is set to work again, the rent may he 
gently enlarged, as the pressure rises, and allow the contenti 
to escape gradually, without lifting the boiler. .Cases have 
occurred where these seam rips, produced by too sudden coot 
iiig, have been of such a size as to allow the water to esc^ 
from the boiler as quickly as it entered, on attempting to lefiD. 

When a horizontal flue tube collapses entirely, withoni 
fracturing to any great extent, the pressure is usually relieved 
by the steam escaping through the started seams and small 
fractures. If such a collapse be sudden, there may be a seven 
concussion of the air, but no violent explosion, the boiler ahall ^' 
remaining unmoved. But should the tube fracture considerafatf 
without parting in two as it collapses, the effects may be veij 
serious, from the rush of hot water and steam. Whentha 
rush is towards the confined back end the boiler may be pro- 
jected forward by the recoil ; and, on the other hand, if tha 
contents escape most readily from the front end, the boiler may 
not be moved from its seat, but the rush of hot water will ha 
liable to cause all the disasters of an explDsion, especially whei 
the boiler is in a confined svtwii^ivoTi. \i ^^ HM^o^k ^ssa. ^sKSSai^NUit 
be broken in two, and iU fti^c»^ «^ ^ X^Ti^e^WaM^ ^ 
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destroyed, one or both eods of the boiler may be blown 
t along with the tube and part of the shell attached, or 
oken off, where the ends are not well stayed to shell. 
In locomotive boilers a collapse of the firebox top plate or \ 
Biding of the crown plate in furnace tube vertical boilers, \ 
id fracture round the furnace bottom plate, by which the con- ] 
iction with shell becomes severed, are liable to lead to violent 
iplosion, as the reaction consequeiit upon the dowjiward rush y 
' the contents will carry the boiler aloft. 

In investigating the cause of a complicated explosion, the 
ilative weights, positions, shapes of the scattered pieces, and 
le direction taken by them must first of all be carefully noted, 
lid their original positions in the boiler be assigned to them, 
long with the positions of the different mountings, manner of 
iaying, and absence or presence of means for streugthening 
omeholes, mauhole, tubes, combustion chambers, <S^c. The 
tiginal shape of the shell and large flue tubes should be ascer- 
uned as accurately as possible. The primary rent is then 

be sought for. In many cases the direction taken by the 
Aavier pieces is a guide to this, as the fractured plates, if 
tee to move, will shoot of, the light pieces along with and in 
lie direction of the first rush of steam, and the heavier pieces 
& an opposite direction. 

lliat this, however, is not always the case is obvious, as, for 
tttance, when the boiler turns over before separating, or where 
be direction a piece of the shell would take, if free to move, 

1 changed by part of it clingiug for a time to the larger mass 
I which it may be attached. 

All the edges of the plates and angle irons along the lines of 
Icture should be carefully examined, in search of weak places, 
di as thinness caused by grooving and corrosion, external and 
ternal, wasting of rivet heads, defective rivet holes, in- 
ffident lap, old flaws ^d fractures, patching and other signs 

repair, indications of softening or deterioration by over- 
ating, condition of low- water indicating apparatus, safety 
Ives and pressure gauges. 

A close examination of the shape of the rivet heads and of 
e shapes and sizes of the plates and arrangement of seams 
roughout the boiler will usually lead to detection of repairs 
ten these are not obvious at first sight. The colour and nviAAsx^ 

the fractures, and whether they be short ot i«^"g,e^* «jc^ >iX^'«^ 
fjr guides to the length of time they have exia\«^, wA Vcr 
r have been produced. 
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^ow if we apply the above standards of reasoning to over- 
isnre of steam, we know that it often does exist and may in 
ost any case exist unawares. That it is competent to pro- 
Q the violent results so often exhibited has been proved 
^retically and practically. It has been demonstrated by 
lessor Airy, that the destructive energy stored up in 1 cubic 
i of water in a boiler working at 60 lbs. pressure, is equal 
(he destructive energy of 1 lb. of gunpowder ; and it has 
H shown by the experiments of the Franklin Institute, that 
dually accumulated steam pressure in ordinary wrought-iron 
Urs can produce a violent explosion. That other causes can 
^uce similar results cannot be disputed, as vessels of com- 
Bsed air and gases have sometimes burst with terrific elfect. 
examiniug, however, the usual effects of a boiler explosion, 
y are not what we should expect from a discharge of ex- 
si ve gases, detonating compounds, or electricity, which would 
instantaneously and shatter the plates receiving the full 
36 of the discharge into small fragments, 
rhe tearing up of a boiler on explosion although rapid is not 
lantaneous, and the somewhat gradual developement of the 
:e stored up in the highly-heated water keeps up a con- 
nous pressure behind the separating pieces, which is better 
mlated to hurl them to a great distance than a force acting 
tantaneously and suddenly dissipated. 

rhat electricity might be developed in a steam boiler, under 
tain conditions, there can be little doubt, but it is difficult 
conceive how any large quantity can accumulate within a 
ler either in direct or indirect communication with the earth. 
[t has long been known that a current of steam sometimes 
kibits electrical conditions. The invention of the Armstrong 
Iro-electric machine, was suggested by the circumstance of a 
rkman experiencing a smart shock from a jet of steam coming 
contact with one hand whilst the other touched the safety 
^e from which the jet issued. Faraday, who took up the 
ration, proved that the development of electricity was solely 
9 to the friction of the suspended humid particles against the 
es of the orifice through which the steam passed ; and that 
ivaa in no manner due to the change in the state of the water 
the boiler. He also showed that the same effect could be 
>duced from the friction of a current of humid air, and that 
•ctricity cannot be developed from a cvxiteBA. oi ^ts ^«»5Si. 
air, ' 

\dmittwg ibAt ike presence of electdcit^ m wv cyt^MiS 
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boiler is not impossible, it yet remaius to be shown that it 
could exist in a state of high tension, and yet, again, hovit 
could bring about an oKplosion, accompanied by the usual weH* 
known results. 

That a small q.uantity of steam might be decomposed in i 
boiler by coming in contact with plates that have accidentillj 
become red hot cannot be disputed, but that the decompositioi 
could oc:iir to any considerable extent with oxydised plates ii 
well- nigh impossible. The hydrogen liberated by the deooD- 
position is not explosive, and would require to be united aid 
intimately mixed with its equivalent of oxygen, and then i^ 
nited to produce an explosion. 

Supposing the oxygen to be admitted with the feed wats 
and that the ignition could be effected ^by red-hot plates or u 
electric s^mrk, it still remains to be shown how the gases oonU 
possibly become so intimately mixed in presence of the laigi 
body of steam and nitrogen present in the boiler as tofomii 
detonating compound. Again, assuming that nearly all ik 
steam could be decomposed, the hydrogen would only ban 
quietly in the presence of oxygen as it becomes liberated on ih 
red-hot surface of the plates ; and in any case, its power to 
produce an explosion is extremely improbable. 

But to take the most extreme view of the case, and aasnming 
the sudden formation of a vacuum within the boiler by the nnioi 
of the two gases to take place, it is still by no means clear hat 
the bursting of the shell would follow in consequence, aa tlN 
vacuum formed could only be local and insignidcant witli i 
large quantity of steam and nitrogen in the boiler. 

With respect to the superheating theory, the modus operam^ 
is usually supposed to be something like the following. Htf 
plates are allowed to become intensely heated by the water lerel 
falling too low or from other causes, and communicate their 
heat to the steam in the boiler. On the water being agitated 
and carried aloft as spray, by the action consequent upon tin 
sudden opening of the steam stop valve, safety valve or feed 
inlet, a larg(^ (juantity of steam is produced and the preasan 
suddenly raised above the resisting power of the boiler. Hi* 
the steam might become highly superheated, and the water la 
a divided st.tte might be brought into contact with it cannot be 
disputed. But when we consider the condensation that would | i 
take place, and the smaW total o^^xvlvtY of heat contained eni 
in a large voluine of steam., s\ifiaft\fc\it «A^a^v>»ta^ ^^Maeois!^ «i!i 
not he produced to \i\irat a \3oWet: VvCt^. «. x^«&a>:i^^is3vK^ 
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strength. The increase of pressure can be calculated as follows : 
In a boiler workiug at 60 lbs. and having a steam space of 180 
cubic feet, suppose the steam to be raised in temperature or 
superheated from 307° to 800°, the volume would be increased 
in the ratio of 1 + (000203 x 275) I 1 4- (0-00203 x 768), oir 
of 1*56 I 2*56. If the same steam pressure is maintained in. 
ih6 boiler the weight of steam, which in the first instance waft 
; 31 '6 lbs. will be reduced to about 20 lbs. This quantity oF 
. dry steam will have about 18000 units of latent heat, and in. 
^fiOling from 800° to 307° will render 20 x 0*480 (800 - 307) = 
; 4732*8 units of sensible heat available for raising steam sud- 
denly, or only an amount competent to generate a quantity of 
htteam from water at 307°, equal to about one quarter of that 
already in the boiler, which would cause a rise of pressure equ^ 
to 15 lbs. only. The pressure might also be augm^ted at the 
lame time by the water coming in contact with the red-hot 
{dates : 30 square feet of f plates heated to a temperature of 
900° would give 450 x -114 x (900- 307) = 30421 units of 
heat in the plates available for sudden evaporation, or sufficient 
lieat to convert about 34 lbs. of water or | cubic foot at 307^ 
Into steam. As the 180 cubic feet of steam weighed 31*5 lbs. 
the pressure will be increased by 71 lbs., whence we have a 
total pressure of 60 + 15 + 71 = 146 lbs., which certainly might 
"be sufficient to cause an explosion, if the steam were suddenly 
^^erated, or more rapidly than it could escape. 

But the conclusion arrived at from general experience, and 
£roni experiments expressly undertaken, by Mr. Fletcher and 
others to solve this question, is that a large quantity of steam 
<sannot be suddenly generated by throwing water on to red-hot 
plates. Severe overheating of boiler shells or furnace tubes will 
start the riveted joints, and offer a further means of escape for 
the steam as it is formed. 

Explosions from overheating are more likely to be produced 
by the softening and yielding of the plates at the ordinary pres^ 
sure, or by the sudden cuntraction of the plates on having 
water thrown on to them, than by any sudden augmentation 
of pressure, the production of which is entirely hypothetical. 
Beyond a certain quantity, the larger the body of water thrown 
on to a given weight of red-hot plates the less will be the 
amount of steam formed. It may also be remarked that in 
ordinary boilers, where the feed inlet is near t\i<& V^oXA^^xsi^ ^Oi.^- 
denlx twming on the feed water will not scat\AT \\. oN«t \>aft V'cJ 
plates near the working water level, wliexe o^«£\i»^N^'^% '^^ ""^^ 
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likely to occur, but the water will gradually rise up the 
sides. 

The Leidenfrost phenomenon, as it is called, or the tendency 
of small quantities of water, when thrown on to highly heated 
plates, to assume the spheroidal condition, and to eTaponte 
suddenly on coming in contact with the plates when the tempe* 
rature is lowered, has been often adduced as a cause of ex]^ 
sion. The exact application of this theory is, however, by no 
means clear, and the assumed delay of the water in evapontiDg 
is antagonistic to the sudden-evaporation-from-overheatiiig 
theory. It is difficult to see how the evaporation by ebullition 
of a large quantity of water in an ordinary boiler could be looft 
delayed, as is assumed in this theory, without reducing ths 
temperature of the water below that sufficient to produce an 
explosion. , 

Slight reports in the region of the furnace have sometames 
been heard previous to the gradual bulging of the furnace pUtei 
from overheating in boilers containing very greasy water. 
These have been ascribed to the water assuming the spheroidal 
state, but there is no reduction of the temperature *in audi 
cases to account for the sudden evaporation of the supposed 
spheroids. It may be said of this theory that the conditions it 
assumes cannot be proved to exist in an ordinary overheated 
boiler, and that we have no means of knowing whether they 
would be competent to produce explosion if they did exist 

There is reason to believe that the tendency of greasy water 
to cohere and resist ebullition through not touching the plates^ 
or, in other words, to become spheroidal, is more likely to be 
the cause than the effect of the overheating of ftimaoe plates. 

When the air usually contained in water has been expelled 
by boiling, the water, if kept perfectly quiet, can be heated 
from 70° to 80® beyond its ordinary boiling point without any 
sign of ebullition ; but, on the slightest disturbance or agitation 
of the water so superheated, a large quantity of steam is sud- 
denly formed. If the pressure above is at the same tim« 
reduced, as by drawing off steam, the rush of newly formed 
steam will carry the water before it with great force against the 
boiler crown. It is probably this action that produces the 
concussion sometitnes felt when standing on a boiler whilst the 
steam is suddenly drawn off on starting the engina Under 
certain conditions the sudden generation of steam might pro- 
duce a pressure above that at w\^<:Jla.V\i^ %aS&\?} 's^N«^«»^i*»'«i 
i>Jow off, and this, togetlieT m^ \^ift iw» ^1 Vm^fwiw \bs^ 
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>oat the explosion of a very weak boiler, but not of one 
k proper margin of strength, 
practice of ascribing steam-boiler explosions to obsonre' 
as been productive of much mischief, as it engenders a 
less on the part of owners and attendauts, who have 
I to believe that no amount of care will avail against the 
)us agents at work within a boiler, 
dering the too frequent want of care and knowledge on 
. of those having the charge of boilers, and the great 
of dangerous defects that are almost daily discovered 
led inspectors, ' the mystery to be solved is — ^how so 
filers escape explosion at the ordinary working pressure, 
i, — what has been the cause of the disaster when an 
n does occur ? 

reader will find much valuable information, about the 
md prevention of boiler explosions in the monthly 
of Mr. L. E. Fletcher, Chief Engineer of the Mano 
Steam Users' Association ; and in the annual reports of 
B. Martin, Chief Engineer of the Midland Steam Boiler 
on and Assurance Company ; of Mr. B>. B. Longridge, 
Boiler Insurance and Steam Power Company ; and of 
Her, of the National Boiler Insurance Company. 



CHAPTER XIII. 

COMBUSTION OF COAL. 

Combustion is the name given to any rapid chemical unic 
attended with great heat and light. The combustion thi 
takes place over our fire grates and gas burners, is the cbemic 
combination of oxygen with carbon and hydrogen. The oxyg( 
is supplieji by the air where it is associated with nitrogen, firo 
which it readily separates. The carbon and hydrogen are pr 
sent in the fuel and gas, and on being sufficiently heated I 
the application of a light or other well-known means, tl 
attraction between them and the oxygen becomes strong enooj 
to cause them to combine with it. The application of heat 
necessary to start the process of combustion, which is simp 
one of rapid oxidation ; but the chemical change after wan 
produces more than sufficient heat to carry it on. The pr 
duction of heat by combustion is usually ascribed to the impa 
of the atoms of oxygen against those of the other combastibl 
as they clash together on entering into chemical combination. 

The amount of heat produced by the combustion of diflfere: 
bodie», or their total heat of combustion, has been approi 
mately determined by experiment, and is usually expressed 
pounds of water raised 1° Fahrenheit (or conversely, in numb 
of degrees 1 lb. of water is raised) by 1 lb. of substance coi 
bining with oxygen. The standard unit of heat in this cou^^tr 
or British thermal unit, is the quantity of heat that will rai 
1 lb. of water 1° Fahrenheit at its greatest density, which is a1 
temperature of 39 '1°. 

All substances combine chemically in certain proportio 

only, both by weight and volume, which are called tb 

chemical equivalents. The equivalents by weight and volui) 

of the elements and compounds with which we are conceroe 

are given in the annexed ta\)\e, ixoiSL ^\iiOcL \)ca QQns\A\im^i^ 

portions of the combustible &\(ba\AXiQeik Qaivi'\»x^».^^^ ^sa^cso^si 
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The condeDsation of the elementary bodies by chemidal com« 
bination is shown in the fourth column. The eleiments in atmo* 
spheric air are not chemically combined. Carbonic oxide is not 
formed directly from the union of the elements carbon and 
oxygen, but ifrom the union of the compound carbonic acid with 
oxygen. 

The volume of a given weight of gas at any temperature, can 
readily be ascertained from the sixth column as follows : — "Ui 
y = volume at 62% and Y' = volume at any required tempen* 

ture*', then V' = V (15i:?±^V 

V 523-2 / 

Carbon, almost the only element contained in good coke, and 
the principal element in coal, combines with oxygen to produce 
two different gases, according to the proportions in which the 
combination is effected, viz. , carbonic acid when the combustioB 
is perfect, and carbonic oxide when the combuntion is inoom' 
plete. The acid is composed of one equivalent by weight of 
carbon (Cj ^) and two of oxygen (Ogg), or 1 lb. of carbon com- 
bines with 2^ lbs. of oxygen abd forms 3| lbs. of carbonic acid 
gas. The carbon which is solid in the fuel passes duimg 
combustion into the gaseous state. The volume of the carbonic 
acid gas is equal to that of the original 2§ lbs. of oxygen, 
and the quantity of heat produced by the combination is 
14,500 units, as given in the table on page 251. This would 
be the amount of heat from the combustion of every poond 
of carbon in the furnace, if completely consumed ; but, should 
the layer of incandescent coke or carbon be thick in proportion 
to the quantity of air supplied through the fire grate, the 
oxygen of the carbonic acid will recombine with another 1 lb. 
of carbon, and form 4§ lbs. of carbonic oxide gas. By this 
Hecoud combination the volume of the gas is doubled, and a 
large amount of heat is rendered latent in performing the 
interior work of expanding the gas and converting the solid 
carbon into vapour. The heat produced now falls from 
14,500 units to 8800 units, the amount due to the imperfect 
combustion of 2 lbs. carbon, < showing a loss of sensible heat 
equal to 5700 uuits. When the combustion stops at this 
stage for want of air, the lo^s of sensible heat and waste of fuel 
is evidently very great. But when a sufficient supply of fresh 
air is at hand, the 4|lb8. of oxide recombine again with an 
additional 2^ lbs. of oxygen, m«^mv^ l\\fe«^ ^1 <»x\mscaa «iad 
/?a«. The volume is hereby redwee^ \.q ^^!^ ^"^ t>V^, ^tztB^^ 
and the 5700 luiita of latent Yie^A. as^ T«a.^«^ was&^»^'^ 
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otal quantity of heat due to the last combination being 8800 
f 5700 + 14,500 = 29,000 = the amount due to the perfect 
ombustion of 2 lbs* carbon. * 

The total heat of steam at atmospheric pressure being 1178*1, 
L lb. of carbon should convert 

14, 500 ^ j2 .^^ j^^ ^^ ^^^^ ^^ g2» 



1178 1—62 



bto steam of atmospheric pressure. 

This is assuming a perfect evaporative efficiency, and all the 
leat to be utilised. The best results in practice, however, fall 
k short of this. In locomotive boilers, where the best coke, 
iOQsisting almost entirely of carbon is still, although rarely, 
laed) the majumum evaporation under favourable conditions 
may be taken at 9*5 lbs. of water from 62% showing a loss of 
ibout 20 per cent of heat. The reason of this will be shown 
ImIow. 

Hydrogen is not supplied in the free state to our furnaces, 
bat is usually present as a component of the hydrocarbons, 
mch as pitch, tar, olefiant gas, <&c. coutained in the coaL 
Two equivalents, by weight, of hydrogen (H^) combine with one 
of oxygen (O^ g), or 1 lb. of the former with 8 lbs. of the latter, 
ind form 9 lbs. of water which pass off in a state of vapour. 
Ihe quantity of oxygen is, iu this case, three times as much as 
«e had for the carbon. By volume, two of hydrogen combine 
with one of oxygen, the resulting aqueous vapour having the 
ttme volume as the hydrogen. Its calorific power being 
62,032 units, we have then by 1 lb. of hydrogen — 

62^032 ^ gg .gg ^^ ^^ ^^^^ ^^ ggo 

1178 1°— 62 

converted into steam of atmospheric pressure. 

When hydrogen aud oxygen are present in the fuel in the 
the proportions to form water, they combine as such, and do 
lot increase the heat of combustion ; but, along with any other 
irater that may be present, act injuriously in reducing the 
emperature of the furnace by absorbing a considerable amount 
if heat by their conversion into vapour. In order to ascertain 
he heating power of hydrogen contained in any fuel along 
rith oxygen^ we have to subtract one part \>7 ^«v^H. oil '"Qaa 
fimer, £ar every eight parts of the latter, ouA. ^iOTMsAst ^t^ 
e btuplna hjdrogea as having any lieatviig ^^N^ex. 
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The hydrocarbons are the first constituents of cool acted 
upon by the hent of the furnace, aud pass readily into the 
gaseous state which they must assume before they are bunit. 
To the volatile nature of the hydrocarbons is due the flaming 
property of the coals containing them. 

The different kinds of coal such as non-bituminous or anthra- 
cite, slightly bituminous or aiithracitic, semi-bituminous, and 
bituminous, of which an analysis is given in the annexed table, 
can be distinguished by their appearance, but the character 
of diflferent varieties of each kind canoot always be determined 
by the colour, lustre, cleavage, <&c, as many suppose. 

The Anthracite, or hard stone-like coal of South Wales,* i* 
lustrous in appearance. It is difficult to bum, requiring a very 
strong draught, high temperature, and considerable atten- 
tion. When dry, it burns without flame or smoke, like coke, 
since it contains no hydrocarbons, and, although it gives out 
an intense local heat, it is not adapted for burning in a steam 
boiler furnace, and is consequently little used as a steam coal. 

Slightly bituminous, or Anthracitic coal, found abundantly 
in South Wales, contains a small amount of hydrocarbons, and 
is, for many kinds of boilers, decidedly the best steam coal we 
possess. No further proof of this is required than the lurge 
price it fetches for marine boilers, where semi-bituminous coal 
of good quality is to be had at a much cheaper rate. It is a free 
burning coal, usually with a short flame, and requires little atten- 
tion. It swells considerably, and falls rapidly to pieces in the 
furnace, but does not cake, and the best qualities yield but 
little clinker and a^^h. It is often called smokeless, but most 
of the best qualities emit a light vapoury smoke. It will 
not bear rough usage, and crumbles rapidly after long exposure 
to the atmosphere, which circumstance, together with the 
quantity lost in some descriptions by falling through the fire 
bars in consequence of its decrepitation by the heat, causes a 
large waste, often equal to 15 per cent. In consequence of 
this it is often advisable to mix this with a harder kiud of 
coal, to enable the dust to be utilised. The small amount 
of skill and attention for smokeless and economical firing it 
requires when compared with most kinds of semi-bituminous 
coal, is actually the circumstance to which its greater value is 
due. 

The semi-bituminous coal contaimng a considerable, but 

varying amount of hydrocarbons, la mot^ xjar^ >^v[i kkj ^'^^ 

kind for steam boilers. Some deacrv^\:voT» «to twft \sotm 
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whilst others cake very much ; all of good quality bum easily 
with an ordinary draught, and emit a considerable amount of 
smoke unless special care is used to prevent it. 

The best steam coals of this class are choAen for their small 
amount of ash and clinker, hardness, and non-caking quality, 
which tend to diminish the attention required to burn them 
economically* The properties of semi-bituminous coal vary 
considerably, and it is almost impossible to tell the quality from 
the appearance, apart from such defects as are indicated by the 
presence of stone, iron pyrites, or other foreign matten. 
Many rich, small, hot coals that are not suitable for boiler 
furnaces when used aloue, owing to their tendency to cake, can 
be successfully burnt if mixed with a harder free bumiug coal; 
and, indeed, the best results both in evaporation, speed, and 
economy, are to be obtained by a judicious mixing of two or 
more properly selected descriptions of coaL Bituminous ooal 
contains more tarry matter than the above, and is best utilised 
for gas making. 

The kind of coal containing the largest amount of HtameD, 
of which the Boghead Cannel may be taken as a type, although 
rather an extreme one, being regarded hf some as not being s 
coal at all, is without lustre, of a greyish or brownish black 
colour. It yields a very large quantity of ash and clinker, and 
is not suitable for steaming. It is employed almost exclusively 
for gas making, for which the large amount of contained hydro- 
carbons renders it most suitable. 

Coke is the solid carbon and other material left after the 
volatile ingredients are driven off by partial combustioii in coke 
ovens, or by slow distillation in flue retorts. The former is 
much the best for boiler fuel. Much small semi-bituminons 
caking coal, rich in carbon, but which would be comparatively I 
worthless for boiler furnaces, forms into large pieces in the coke 
ovens, and becomes a valuable coke for locomotive boilers. 

Some patent fuels are also made by compressing into moulds 
and heating in retorts, small coal of good quality, that would 
otherwise be wasted. It is thus formed into compact solid 
blocks, without the expulsion of the hydrocarbosm. Fitch 
or other combustible substances may be added when the coal 
does not contain a sufficient quantity of bituminous or pitdiy 
matter to make it cohere properly. 
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' total heat of combnation of a aubatance anoh as coke or 
axL be foaud by taking the mm of the qnautities of heat 
are given by the combustion of its compoueat parts 
separately. If we take, for example, the quality of 
^ven in the above table, we have for the total heat of 
Jitiou when completely bnrnt ^94 lb. carbon x 14,500 — 
) uoita. This does sot, however, give us the temperature 
< reeultiug caibonio acid. To fiud this, the heat of com- 
a moat be divided by the tot^ we\gbt of \.^«g;b&^^i&'o^«& 
apedSe beat, wbiah we aaatune bere to \» «i^*'<aaA m. '^ 
\tana. Wv have also to oouujlei ttift '^siw ** *Uim.-4«!K 
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ture due to the abBoq)tion of beat by the nitrogen, which forms 
the principal bulk of the air for combustion, 



Weight of oxygen = 2*51 lbs. 
„ nitrogen — 8 816 lbs. 



11-326 lbs. of air. 

Carbonic acid 3*45 lbs. x '216 = '745 
Nitrogen . 8*82 lbs. X -244 = 2 152 



.i 



2-897 



Therefore elevation of temperature above atmosphere 

•2-89 

Por the more complicated process of combustion, when coal is 
burnt, let us examine that of 1 lb. of average Newcastle ooaL 
Here we have — 

Carbon = '821 lbs. 
Hydrogen = '053 lbs. 
Oxygen = '057 lbs. 

Making allowance for the water due to the presence of tlio 
oxygen and hydrogen together we get — 

Hydrogen = ^053 —\ = .046. 

The quantities therefore stand — 

Carbon = -821 lbs. 
Hydrogen = '046 „ 
Water = -064 „ 

Carbon '821 x 14500 = 11904 units of heat 
JHydrogen '046 x 620^2 = ^%^^ ,, 
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heat of combustion — 

Oxygen required for C 03= 2 '18 lbs. 

„ H,0 = -368 lbs. 



Total oxygen consumed = 2 548 lbs. 
Associated nitrogen in air . = 8*918 lbs. 



Total quantity of air consumed . = 11' 46 6 lbs. 

ilting carbonic acid . . . 3 lbs. x "216 ='648 

( Water in coal . . '064 J 

n) „ from hydrogen V478 lbs. x '480 = -229 

( burnt . . -414^ 
3gen 8-918 lbs. X -244 = 2-176 

3-053 

) find the elevation of temperature in this case we must 
ict the latent heat io the steam from the total heat of com- 
ion, when we get — 

. 14758- (966° X '478 )^ ^.g^o ^ ^i.^.^ion 
3 053 

mperature above the atmosphere. 

^e find from the above results that the total heat of com- 
ion of coal compared with that of coke is greater, whilst 
elevation of temperature of the products is le^s. This is 
ig to the heat absorbed iu raising the temperature of the ' 
;ased quantity of air required in burniDg coal, and also in 
equence of the heat rendered latent in evaporating the 
iT in the fuel. The respective temperatures here assigned 
lever realised in practice, owing to the cooling effect of the 
imt air, plates and material in the furnace. The quantity 
3at absorbed by the ashes and other ingredients in the fuel, 
ih is however comparatively small, should also be taken iuto 
nnt in estimating the exact temperature due to thA <^\fi}a>\sar 
of any fuel 

le theoretical tanonnt of air required ior wi-j ^^«^ ^"^^ 
\dM upon ibe chemical compoBitioii oi t^^^t tysA"^^ «aA. ^aatf 
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be obtained by the following formula where A = weight of air 
required — 



A = 12 + 36 



(-t) 



For all kinds of coal and coke the minimum weight of air re- 
quired may be taken at 121bB. per lb. of fuel, the yariation on 
either side of this quantity being immaterial. 

It must not, however, be assumed that coal or coke can be 
properly burnt in a boiler furnace with anything like so small an ■" 
a mount of air as this. Since carbon cannot be economically burnt 
ill the presence of the carbonic acid formed, this gas must be 
diluted with a considerable quantity of oxygen or air to be 
ready for combustion with the carbon it meets with. This 
necessary reserved quantity of air for dilution will vary in 
amount according to the manner of its distribution, and the 
velocity with which it is forced amongst the burning fuel 

When the pieces of coal are small and of a caking natnre 
they form into a large solid mass over the bars, restricting the 
passage of air to a few spaces, especially when the draught ii 
moderate, and a large amount of oxygen passes in consequenoe 
unbumt through the fire. When the draught is severe good 
coking coal can be burnt with a good result, and some descrip- 
tions of this coal are highly prized by those who know how to 
UFO them. With slightly bituminous or semi-bitundnous non- 
caking coal in large or small pieces the bulk of air passed 
through the grate is more or less minutely divided, and more 
favourably diffused for combining with the carbon. • 

From various experiments conducted under different circum- 
stances it appears that for an ordinary chimney draught the 
weight of air required for dilution may be taken as equal to 
that required for combustion. This gives us 24 lbs. as the 
quantity of air required for each pound of fuel. But when the 
air is driven with great velocity by a strong draught amongst - 
the burning fuel the combination with the oxygen is more 
readily effected, and a smaller quantity of air is required. With 
very powerful chimney, or artificial draught, the weight of extra 
air required is found to be considerably less than the above, and 
may be taken as one and a half the minimum quantity, making 
i 8 Ihs, per lb. of fuel. 
In burning semi-bituminoM% s^odiTXL qo^ «* ^sowa^^oJ^'^ Q^un!iQ&8\ 
of fresh air is required for com\im\3a% ^VCsi ^N^Vi^oow^wsa 
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bove the l^yer of coal, and must be admitted directly to the ^ 
I»e8 either at the furnace front or at the bridge, or, which is 
lerhaps better, at both, unless the furnace is specially designed 
or air admission to the sides or middle of the space above the 
'ael. Whichever plan is adopted too great care cannot be 
;aken to admit the air in small jets by perforatioDS or other 
neans, especially when its direction is parallel with the current 
Bf gases. This ensures a better mixing, and prevents to a very 
Dmterial degree the undesirable cooling effect of introducing a 
large volume of cold air in one place, which is liable to defeat 
file end for which it is introduced. . 

As the chemical action between the fuel and the oxygen can 
only take place when the two are in intimate contact, the 
npidity and completeness of combustion and intensity of heat 
vfll be increased by increasing the number of points of contact, i 
or by reducing the size of the pieces of fuel. The ultimate con- 
dusioD to be drawn from this is that coal should be used as 
dost, or, still better, as gas, in order to aiford the greatest 
^duties for perfect, combustion. No doubt this conclusion is 
theoretically correct, and the latter mode will in time be brought 
krgely into practice. The principal difficulty in the employ- 
Beoi of these methods, especially the former, is to arrive at 
tod apply successfully the proper quantity of air for admixture. 

With boilers having a good chimney it is usual to have a 
damper for regulating the draught or altering the quantity of 
lir admitted. For every description of boiler the most econo- 
Bucal rate of air admission will depend upon the general and 
detailed arrangement of furnace, quality of coal, ratio of grate/' 
irea to effective heating surface, Sic, When this rate is 
exceeded, or, in other words, when the fire is forced, it does 
lot of necessity follow that a large amount of unburnt oxygen 
rill escape to the chimney. Whether this will take place or 
lot will depend upon the distiibution and thickness of coal on 
he grate, facility afforded for mixing the air with the gases as . 
hey leave the furnaces, and amount of air introduced other- 
rise than through the fire bars. It may happen, as indeed it 
isually does with skilful firing, that the quantity of free oxygen 
u' the chimney decreases as the force of the draught is increased, 
Luoe the quantity of the coal properly consumed increases still 
acre rapidly, in consequence of the more intimate contact 
rith the oxygen caused by the more rapid dxsw^^. v 

The evil of forced Uriug is generally to \ie io\i\i^ '"ol ^^ la&V 
Bi the increased velocity of the gases dlaains^«& ^'s^ «J&5as»aN 
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of the heating surface, as will be shown below, the quantit} 
beat extracted by the boiler depending upon the length of ti 
the products of • combustion are allowed to be in contact w 
the absorbing surface. 

/ Should, however, the volume of unbumt air discharged h 
the chimney increase with the forced firing the result will b 
wa^^te of heat equal in amount to that absorbed by the increat 
quantity of air admitted, in addition to the loss due to the 

\ creased velocity of the gases. 

When the supply of air is too small imperfect combustioB 
the result, causing either smoke or the formation of carboi 
oxide, or both, according to the nature of the fuel and distril 
ti >n of the air. The loss of heat owing to the formation 
carbonic oxide is frequently 25 per cent, of the whole amoi 
due to the most economical supply of air. The carbonic oxi 
is invisible, but its presence is sometimes revealed, especially 
coke burning, when on opening the fire door it burns with 
blue flame, as it becomes ignited by contact with the cold frc 
air. When burnt with oxygen at a high temperature the cole 
of the flame is yellow. 

Dry carbon burns without flame. When flame is seen abo 
a coke or charcoal fire it is caused by the burning of carboi 
oxide, or of hydrogen, which has found access to the fire eitl 
in the moisture absorbed by the fuel, or from some steam 
vapour passing through the bars with the draught. 

If we take the actual quantity of air required for bumi 
coke as |, and that for semi-bituminous coal as double t 
theoretical quantity, we shall find the elevations of temperati 
to be respectively 3215° and 2478°, the total heat of combi 
tion being as above 14630 units and 14758 units. 

The distinction is here seen between the total heat of oo 
bustion and the temperature of the products of combustion, 
between the quantity and intensity of heat, the latter bei 
much greater in fuel containing little or no hydrogen, altboa 
a less quantity of heat is produced. The cause of this 
evident : in burning, carbon requires for its perfect combusti 
but one third the weight of oxygen or air required by an eqi 
amount of hydrogen, producing a corresponding small weight 
carbonic acid, compared with the steam produced by the coi 
bustion of the hydrogen. Again, the specific heat of carboi 
a,oid gas is less than one-c\vxai^«t >jJaa.\. ol %\.^^ss>l^ iM\.<i it is up 

the weight and speci^c \ife«A. ot ^Ja^a yc^^wc^ia oil <aw^\M^>ss8L'5 

their temperature depeuda aa ^^^V ^ >2s^«« \fi}v»^\««*. ^V 
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bastion. Moreover, in bumiog dry carbon or coke, there is 
Jmt little or no steam to render latent any of the heat. 
^ But the intensity of the heat given out by a piece of coal 
: during its combustion will be proportionate to the rapidity with 
r which it burns. The element of time is therefore of great 

Btportance in considering the heating effect of any given kind 
fuel. The theoretical intensity of heat of two different 
iiqualities of coal, calculated from their chemical analysis, might 
%t nearly alike, yet, with the same ordinary draught one kind 
t be a quick burning "lively" coal, of loose structure, 
loping an intense heat during its rapid combustion in a 
furnace, whilst the other may be very compact and slow 
ing, the heat developed not being intense compared with 
first.' The caloritic intensity of slow burning coal is 
imiuished by the loss of heat that takes place by conduction 

radiation. 

Although the combustion of hydrogen produces the largest 

unt of heat of any known combustible under favourable 

mditions, the large quantity of air required for its combustion 

in an ordinary boiler furnace renders the attainment of a high 

tanperature by it impossible. 

Hie reason is thus obvious for making coal into coke and 
Vood into charcoal when a very high temperature is required. 
A given quantity of coal properly burnt, and where the heat is 
all utilised, will evaporate more water than the same weight of 
•oke, but twenty times the weight of coal cannot in practice be 
■ide to produce the same temperature that is produced by the 
n^e, and this is why it is so valuable for smelting purposes 
f vhere an intense heat is required and where the products of 
i Amibustion are brought into contact with the material to be 
kteted. 

The following are the temperatures T produced by the perfect 
- wmbustion of 1 lb. of substance with its minimum quantity of 
lir, and T' the temperature of 1 lb. with oxygen without 
tniteogen : — 

Hydrogen : T = 62032-(966° x 9) ^ ^ o ^ ^^ = 1 2346^ 
^ ^ (28 X -244) + (9 X -480) 



I 



<irb<m:T = , -~^- = 41^"S^ ^'l' ^V^*^^^ 

(3'6rx -216)+ (933 x '244) 
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Carbonic Oxide : T = , ^^ = 5233** 

(l-57x-216) + (2x-244) 

andT' = 12738'* 

Olefiant Gas • T - ^^^ ~ ^^' ^ ^'^^^ - 4768- 

Uletiant (xas . 1 -^^ ^^ ^ .^le) + (1.287 x -48) + (12^244)-*^"^ 

The flame of a fire is usually not so hot hy contact aa tlM 
incandescent fueL With many anthracite coals which reqvi] 
a strong draught and a high temperature for their combusttoii| 
the intense heat is concentrated near the fire bars, reudc 
them liable to waste. In order to prevent this the method 
been employed of placing water beneath the fire grate, which 
evaporating passes through the fire above, and is d^bom] 
into its constituent oxygen and hydrogen. The latter, 
biuning with flame, distributes the heat better through tlitJ 
furnace, and renders it more effective for heating crucibles ag\ 
other articles, only a small part of which are brought into contact i 
with the incandescent coal. 

In practice, the whole available quantity of heat produced ii^.' 
a boiler furnace is never utilised. There is usually a laigft i 
amount lost by radiation, which will depend upon the arrange* 
meut, condition, and material of the furnace, and may be taken 
as a rule at from 5 to 10 per cent. The amount of heat loit 
by the hot ashes, clinkers, and fuel falling througb the ban 
varies from 1 J to 15 per cent. In ordinary practice it may bo 
taken at 10 per cent. There is a large amount, seldom le« 
than 25 per cent., wasted by the gases escaping at a high tem- 
perature, from 400° to 700° into the chimney. The total 
amount available for evaporation is therefore but 60 per cent, 
in the best average practice with internally fired boilers. The 
average amount utilised in externally fired boilers is only about 
50 per cent. 

In using coal containing a large amount of hydro-carbons, a 
great loss often occurs by their escaping unburnt. With care 
this loss may be, to a great extent, avoided, yet some authoritiee 
estimate the evaporative power of various classes of coal by the 
amount of fixed carbon they contain. 

Taking the temperature of the escaping gases on leaving the 

boiler to be the same for coke and coal, say 600" or 538° above 

the atmosphere, whicli is tVve a>i©T^^?> \.vsvsi^T^^\w^ to ensure the 

best draught we have for coVlo, m\.\i \ wcc ^ot ec^\s}«ass^^\k^^^i. 

^24= 2281 units of lieat ; au^ iox oo^, ^V^ "^ «a Vst ^^saisM 
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>&8°X 5*77 = 3104 ouits. These are equivalent to an evapo- 
ration at 212* of 2*3 and 3' 2 lbs of water respectively per 
pound of fueL 

This shows that there is a greater loss in the escaping gases 

from the combustion of coal as compared with that of coke, on 

■ooount of their greater weight and specific heat, and the heating 

nr&oe should therefore be made proportionately greater, or the 

jate area less, to obtain the same evaporative efficiency, other 

[eonditious of evaporation being equal in both cases. , 

I Apart from indicating the presence of ash, sulphur, and' 

adier deleterious ingredients, and the decided scarcity, or other- 

vin, of hydrogen and oxygen, the ultimate composition of any 

dflKription of coal affords but little assistance in determining 

ito value for di£ferent purposes. Nearly the same quantities of 

ikments in different coals may arrange themselves before and 

inring combustion, so as to produce very different series of 

compoUndB. Analysis shows but slight difference in the 

qnmtities of the ingredients present in the best house, steam, 

ttking and gas coals of the semi-bituminous and bituminous 

UndB, and yet the difference in the comparative quantities of 

floke and gas they yield is very great. It is only by actual trial 

uder different conditions of combustion that the value of any 

kind of coal can be ascertained. Nor can the theoretical 

odorific value deduced from the chemical composition be taken 

H a certain indication of the evaporative value attainable in 

i {nctioe. No doubt evaporative results from various kinds of 

tttls bearing the same proportion to their theoretical calorific 

.pmrer can be obtained by carefully constructing and managing 

tiJM furnace and boiler to suit the coal to be burnt ; but of two 

kinds of coal giving about equally good evaporative result.s 

when burnt to their beat advantage, that requiring the least 

amoant of attention in firing will naturally be most highly 

priised. 

Numerous experiments, with conflicting results, have been 
conducted by the rival North country and South Wales coal- 
ovners to determine the comparative value of the steam coals 
from their respective districts. The most trustworthy results 
of these experiments are given in the annexed table. These 
were obtained under conditions favourable to the combustion 
and absorption of heat from the best descriptions of each kind 
of ooal, which prove that there iB but little d\ffetftii<» Va. 'Cassa 
*npomtive value, when the hydro -carbons oi tlift ^eaa-^AX»^wsx\r 
m North ootmtiy coals are properly and ©f[©c\.v»eV^ <5OTA\asifc^\ 
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jmjiaratioe Tenulls of the trials of the Northumberlaiid, WeUK, 
and Suut/i Lancashire and Cheshire Coals. 
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OfSoen. 



these are more combustible or hum more "lively" thwi tlw 
hest slightly -bitumiaou 9 or best steam coals of South Wth^ 
»iiil are therefore superior in rapidity of combustioii and enpo- 
rat.ive velocity per foot of fire grate, or, ia other words, OU 
raise more atuam in a given time. When speed of eTaporatiw 
L4 u desideratum, the semi -bituminous coals have a deddad 
iidvaatage over their rivals. They are also about 50 per oani 
harder to resist bammei-iug and rou^h usage than the otiw^ 
which, when broken by a hammer, splinter into &i^maiiti 
whilst the semi-bituminous coals merely break through thsi 
lines of cleavage. ~ 

These experiments prove that with cure, eemi-bitnminoai 

cs&ls of good quality can be burnt without any smoke, and tW 

their evaporative powet is \aaieBB»&. iiWa. \lia &icma(ioB M 

smote is properly prevented. 

Tho results obtained in the ei'jB-Am.ftM'i* ^*^ Sa& A ^ 
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Btre and skill in firing and arranging the furoace for each kind 

ofooal are considerably higher than are attained in ordinary 

▼ork, and more especially in the case of the semi-bituminous 

ooal, where the neccRsary attention required for economical 

■moke prevention cannot always be counted upon. The soot 

d^K>sited from the flame of these coals soon forms a coating 

over the heating surface, which cannot be removed so frequently 

in actual work as during a series of experiments, and speedily 

impairs the steaming power of the boiler. Forcing the fires 

ihen becomes necessary, unless there be a large margin of boiler 

i power, and both smoke prevention and evaporative economy 

I become well-nigh impossible. The facility ofiered by good 

f Horth country coals for rapid combustion tends greatly to cause 

\ tirelessness on the part of the fireman, and it may be questioned 

, vbether their great combustibility is always an advantage, 

: Inuiing as it does to wasteful consumption ; the required evapo- 

: ntion being maintained by ^' blazing away " the coals, instead 

of dose attention to the stoking and keeping a well-spread 

ttd clean fire. 

With the same description of boiler and furnace the heat of 
& escaping gases, when long-fiamiug semi-bitumiuous coals are 
Immt, is likely to be higher than when coals having a shorter 

f flame are used. With the former the generation of the heat is 
Ipread over a greater length of surface by the long flame, and 

f ku consequently a shorter run for its absorption. In the latter 
cue nearly all the heat at a very high temperature is generated 
on the bars, and can be taken up by the greater length of 
niface it has to traverse. For this reason shorter grates are 
nqnired in burning semi-bituminous or long flaming coal than 

; lor a coal containing a less quantity of volatile ingredients, such 
H the South Wales steam coal, in order to obtain the same 
tvaporative economy. This has been proved by numerous 
experiments, and also that the provisions for air admission and 
mode of firing best adapted for one kind of coal may be totally 
imfitted for another kind. The type of boiler and furnace should 
ilways be adapted to the kind and quality of coal to be em- 
pbyed. It is no exaggeration that boilers and furnaces can be 
selected which would give 60 per cent, higher duty with one 
kind of coal than with another, whilst in other boilers the 
mperiority might be reversed. 
In conducting competitive coal trials in aiiy ^N«ii V^'tX^-^ ^<^ 

am/ that baa been carried the greatest distance \&\^<^^ \>o\^\w 

ibe wont coDdition for testing. Soutli 'WaAaa co«X \««Xa^ Q^ 
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the Tyne is placed at a disadvantage with its rival, which caa^ 
be procured fresh wrought from the pit, whilst at Oardifif ib»j 
advantage would be on the other side. Owing, however, toj 
the friable nature of the best Welsh steam coal, it deterioraUtfj 
much more rapidly than its rival frx>m the north, by shipment andf 
transport, as well as by lying in store exposed to the atmosphemj 




CHAPTER XIV. 

SMOKE PREVENTION AND FIRING. 

Iv consideriDg the rationale of smoke making and prevention, 
1 18 advisable at the outset to explain what smoke really is, as 
Biere exists considerable misunderstanding on this point. 

When a fresh charge of semi-bituminous coals, such as ordinary 
Korth country house coal is thrown on to the fire, in sufficient 
lonntity to prevent the immediate formation of flame, a volume 

gas or vapour usually of a dark yellow or brown, or bluish 
k colour, as seen against the dark background of the fire- 
, is given off. The quantity evolved will be greatest 
Iran the coal is very smalL This gas, or vapour, is commonly 
•lied smoke, but it is not what is meant by that term when 
Md in speaking of the smoke-nuisance, and does not deposit 
not. The cololir of the gas a<4 it issues from the chimney will 
freatly depend upon the character and distance of the back- 
fnmnd against which it is seen, upon the nature of the light it 
iiaeen by, whether it is transmitted or reflected, the former 
Iftding a yellowiuh, and the latter a bluish, tint. 

Against a dark background of brickwork or hills, it appears 
[pty or blue ; against dark clouds, light brown or grey, or is 
■^ visible at all ; and against white clouds or a blue sky, brown 
(i* yellow^ but never quite black, or like true smoke. 

If a sheet of white paper be held over the vapour as it 
^icapes from the coal and there is no flame, the sheet 
^ become slowly coated with a sticky matter of brown 
'oloor difficult to remove, and having a strong tarry or 
'Olphorous smell. This colour and smell are due to the tarry 
(latter, sulphur, and other volatile ingredients in the gas. 
^rived of these colouring matters, the vapour is a carburetted 
^drogen (chiefly olefliant gas, and marsh gas)^ or a chemical 
lixtme ofhydjx^en and carbon, and nearly tYiA «axEA «8^ ^^ 
^omieas gas by which our houses are lighted. 
Wkm ibe dinxge of coals and the eaoapin^ qkAo^sx^ ^gM^ftSk 
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have attained a considerable temperature, tlie latter can be 
ignited on the application of a light or by stirring the fire. No 
coloured vapour will now be visible above the flame as seen 
against the back of the fireplace, but if we hold a clean sheet ol 
paper above the flame, we shall find along with a greatly dimif 
nished amount of adhesive colouring matter a deposit of soft 
black smuts, or particles of carbon, diflerent in colour and 
nature from the other deposit. A chemical change has taket 
place, one result of which is the appearance of these carbon 
particles which were not visible before. The carburettad 
hydrogen gas on becoming ignited is converted into flame, or la 
other words, by the aid of the heat the hydrogen of the gas hai 
entered into chemical uuion with the oxygen of the air, pro- 
ducing flame aud heat by their union and forming water, 
which passes off in invisible steam. At the same time, the 
carbon, which was present although invisible in the gas, hai 
been liberated, and is partially consumed and partially deposited 
on the cold paper in minute visible particles. 

Iij an open fireplace where the surrounding temperature n 
low the ignition of the hydrogen, and consequently the forma- 
tion of: fiame is essential to the liberation of these carbonaoeoDi 
particles which in their minute state are carried aloft by the 
ascending current of steam and gases, or are deposited as soot 
on the surfaces with which they come in contact. Ic is the 
volume of vapour aud gases coloured by the carbon particlei 
that forms smoke, properly so called. On issuing from tliB 
chimney these particles, if not carried away by their envelopiiif 
medium which is always of considerable volume (a ton of coel 
properly consumed giving off nearly half a^ ton of water), 
would fall at once as a cloud of light black dust. The ooloor of j 
the smoke will be light or dark according to the proportion of 
carbon particles present in the gases. 

The carbon contained in our lighting gas can be reodered 
visible, in a somewhat similar manner to the above, by pressiog; 
a cold white plate or saucer down upon a jet of burning gM* [ 
As the olefiaut and marsh gases issue from the burner they an; 
decomposed by the heat ; the hydrogen is partially separated' 
from the c irbon, and being more inflammable, bums first with 
flame, in which the carbon particles are highly heated, tf 
sufticient oxygen can come in contact with the carbon white 
still at a high temperatuTe, \^ m\\ Vie> bxrcut without smoke, bnt 
by cooling it with the sut^ace ot ^i^ift ^\«.\ft\«k^at^H}si^ ^x^\s»r 
tion ia eflfected, the carbon i» ^lc^^v^^A ^^era 'o^a^jn^ 
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Smoke may be formed even with an abundant supply of 
fxzygen at band for combination with the carbon, by cooling 
down the flame below the temperature necessary for iguiting the 
€urbon, before the union is efifected. This may be done by 
nrrounding the flame with a good conductor of heat at a low 
tonperature. 

It would thus appear that the liberation of the carbonaceous 
. particles, and consequently the appearance of true smoke takes 

i|laoe only after the formation of flame. This is true only so 
Ikr as it applies to an open fireplace, or jet of lighting gas, 
vhere the temperature of the surrounding atmosphere is 
low. >. 

In dose furnaces where a high temperature is maintained, ^ 
file carbon may be liberatad from the gases by the heat without 
tile combination of the hydrogen, and consequently without the : 
fraience of flame, smoke or soot being the possible result, as / 
San the other case. 

Smoke in all cases can be avoided simply by bringing a\ 
;-,npply of fresh air in contact with the carbon while it is red \ 
kot in the flame, or at a sufficiently high temperature to combine I 
with the oxygen. The combination passes ofif as invisible y 
•rbonic acid gas. 

What is required then is the presence of sufficient air and a 
■ffidently high temperatiure. In our domestic fireplaces, we 
mally have the former, but as a very small quantity passes 
tikToogh the bars, the great bulk is of a very low temperature, 
,Hid steals away the heat before the chemical union of the 
.arrbon and oxygen can be efifected. In a boiler furnace, on the 
•ther hand, there is always a sufficiently high temperature, 
' vnlesfl the furnace be choked with fresh fuel ; but the supply 
cf air, especially above the fuel, is too often wanting. The 
■Dpply of air in sufficient quantity to the upper portion of the 
fcmaoe, at the back, or front, or middle, or sides, is the object 
«f all good plans for smoke prevention. 

A mode of getting rid of the smoke by consuming it was 
ftffinerly frequently, and still is to some extent resorted to with- 
Ont the direct introduction of air to the hot gases. The smoke 
cfnce formed, is allowed to mix with carbonic acid at a high 
lleaty a second furnace being sometimes provided for the pur- 
pose, when the solid particles of carbon are dissolved in the gas 
IttodnGiDg carbonic oxide. The result of ^\i\& T[\^\»\i<c>^ Ss^ ^ 
tonaidenble waste instead of a saving oi ivic^) ^V^i^x^^ "^^ 
ppeiaaoo of amoke may be prevented. T\ie ^\mi m\"S&^>si^ 
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rendered economical by the introduction of a supply of fimh 
air at the right time and place. 

As flame is essential to the production of smoke at a loir 
surrounding temperature, it is evident that if the hydrocarboni 
can be expelled without flame, and the temperature at the sania 
time kept down, there will be no smoke. In order to oany 
this into practice it is only necessary to dampen the coab 
suflSciently with water or to mix with them some substanos^ 
such as bark, containing moisture. The absorption of the heit 
by the fresh charge of coals and steam given off along with tiN 
gases as well as its interception by the caking of the cotL 
which is increased by this treatment, keeps the upper portioa. 
of the furnace at so low a temperature, that the hydrocaiboM 
escape in the unbumt state, without the formation of nd 
smoke, but at a great sacrifice of fuel and speed of evaporation. 

The prevention of smoke by this method is sometime! 
wrongly ascribed to the water introduced along with the ooa)^ 
being decomposed by the heat, when the liberated oxygen ii 
said to combine with the carbonaceous particles But unfortih 
nately for this theory, when the hydrocarbons do ignite, Qb 
presence of water seems rather to increase the quantily flf 
smoke than diminish it. 

As has been already observed, steam can be decomposed lif 
passing it through a body of incandescent fuel, and the method 
is of service in some melting furnaces, but it is difficult to 
perceive how any economical advantage is to be obtained \ff 
applying it to boiler furnaces (unless it is wanted for making 
flame), where it is also likely to reduce the firebars veiy rapid^* 

Again, by regulating the draught, and by simply throwing 
on sufficient coal to choke and cool the furnace, the ignition of 
the hydrocarbons can be prevented, but as they pass off nn* 
consumed, this method of smoke prevention is also very wastefid 
of fuel, besides having the disadvantage of making steam tHowif 
and intermittently, especially when the ooal is of a cakiif 
nature, since it cannot be stirred before the hydrocarbons hatv 
escaped. 

Some plans to prevent smoke by closing the damper and M 
reducing the draught at the time of firing have been tried, aad 
have always failed, except where the formation of flame hH 
been prevented. The draught should be increased instead of 
diminished for a short time after firing, in order to give tiw 
most economical result. 

With a view to obviat© ^'a ^^YiSKoi^ Sa^S^^iww^ 
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flaiea, which extinguish the flame coming in contact with them 
before the combustion of the carbon particles is completed, 
wious plans have been tried for completing the combustion in 
fin brick reverberatory furnaces erected in front of the boiler. 

In furnaces of this kind there is often a greater loss of heat 
\j radiation and conduction than in a furnace either inside of 
a directly underneath the boiler, and the extra cost involved 
b their erection and maintenance not being compensated by 
By corresponding saving in fuel, operates against their general 
lioption. This plan of delaying the utilisation of the heat 
'VBtil the combustion is complete is no doubt theoretically 
ttreot, but most attempts to carry it out in practice have 
ftiled in economy, probably owing to the loss of the radiant 
kit from the incandescent fueL 



FIETNG. 

The thickness of the fire and its mode of distribution on the 

irate must be regulated by the size, quality, and nature of the 

I ftal, the force of the draught and the facilities for effective air 

idmiBsion. When coke and good -sized coals, containing a 

Unall proportion of hydrocarbons are used, sufficient air for 

Jtorfect combustion can be made to pass through the fire bars 

With a good draught, provided that the fire, generally speaking, 

does not exceed 8" in thickness. With a forced draught, as in 

looomotive boilers, this thickness may be greatly increased, but 

it is dependent in a great measure upon the size of the pieces 

ttid character of the fueL 

By careful firing, and admitting a sufficient quantity of fresh 
air directly to the hydrocarbons, nearly any kind of semi- 
hitununouB steam coal can be burnt without smoke. 

In using round semi-bituminous non-caking coal of the best 
(jnality, a fire in ordinary sized furnaces from 10" to 14" 
thick is the best for economical combustion, care being taken 
that sufficient, but not too much, air is admitted for admixture 
with the combustible gases whilst they are still at a very high 
temperature. The best mode of firing most kinds of good smoky 
ooal of this description is to pile it up on the dead plate, in order 
10 allow the volatile ingredients to be expelled by the heat radiated 
and diffiised through the furnace. These ingredients, mixing 
with an adequate supply of air entering through the provisions 
in the furnace door or front, ignite in '^&%^\xi^ o^^'c 'Osi^ \l^\» 
fy«l, mad are completely consumed. 
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The mass piled up at the door becomes gradually conv 
into coke, and on being pushed forward over the fire at the 
charge is burnt principally by the air which passes througl 
bars. Some furnaces require to be altered for the successful c 
ing out of this *' coking " method of firing, which gives 
most economical, though not the most rapid evaporation, 
pieces of coal should not be introduced larger than the si 
a man's fist. The fire will require recharging every 20 o 
minutes, according to the draught, combustibility of the 
and size of furnace. 

If the coal is small and cakes very much, this plan is 
admissible, and regular firing with moderate charges at froD 
to 15 minutes' intervals must be adopted. With two furnaoc 
is best to fire alternately, and not one immediately after 
other, in order to maiatain as much as possible a st( 
evaporation, and to prevent a double volume of smoke ap[ 
ing in case any should be produced. When the width of 
furnace permits, it is also advisable in most cases to em 
*' side " firing, that is, to throw the coal on each side of 
fire alternately, always leaving one side bright, so as no 
cool the whole furnace at once. This method is preferabi 
the " spreading" system which is commonly employed. T 
can be no doubt that this last is the best mode of firing 
rapid evaporation, but it is the least economical and the i 
difficult for avoiding smoke making, unless very small cha 
at short intervals are introduced. 

The number of shovelfuls thrown on at each charge with 1 
side firiug and spreading firing will vary from 4 to 1 2, accon 
to the size and quality of fuel, intensity of draught, and sj 
of evaporation required. 

In usiog small coals — slack, duff, pease, or beans, the g 

are disengaged almost instantaneously when a charge is thr 

on to a hot fire, and cause a difficulty of admixture with the 

even when a sufficieut supply is present. The only wa} 

prevent smoke when using slack, without wetting it, is to 1 

up an almost continuous firing with small charges in orde 

aid the mixing of the air with gases. With limited b( 

power, however, this method cannot be successfully emploi 

as the cooling effect of the large and frequent volume of < 

air entering through the open furnace door checks the qi 

raising of steam, and even ^bet^ the boiler power allowt 

ibis plan being carried out, t\i« ^oVam^ o1 ^m Vta.^ ^ 

on burnt is far too large to. xftnOLet ^^^ cEEL^a^TasjoXi ^1 ^ 
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Baihod oonsifltent with a due regard for the economy of 

For the most economical method of burning slack without 

lucing smoke, mechanical firing must be resorted to. This 

[es a small and regular supply of fuel to be introduced 

tout the admission of too much air ; in fact, the supply of 

may by more than one method of mechanical firing be too 

restricted, and cause a waste of heat by the production of 

rbonic oxide. This is, however, seldom the case and the error 

having too thin and open a fire, which allows too much air to 
off nnbumt, is the rule. 

The steady evaporation ensured by a good arrangement of 
■leohaiiical firing is sometimes a serious objection to its employ- 
Ptnty where the quantity of steam required varies quickly and 
h> a considerable amount. Another objection urged against 
Vtast systems of mechanical firing is that the speed of evapora- 
kiim is inferior to hand firing. This can in most cases be ob- 
viated by altering the rate of feeding, thickness of fire, and 
ktsils of furnace. 

With good round coal, hand firing is preferable to any de- 
iBiiption of mechanical firing, with respect to both rapidity and 
loomomy of evaporation, whilst very little skill is required for 
^ satisfactory prevention of smoke when there is sufficient boiler 
power. 

The size of the perforations for the admission of air through 
Qie furnace front should not exceed ^" diameter, and the sum 
Bf their areas should not be less than 2" per square foot of fire 
Bnite, and in some cases requires to be as much as 5'' per square 
toot of grate surface. 

Perforated dead-plates are sometimes used with advantage, 
md in many cases when the supply entering by the perforations 
is not sufficient for consuming the smoke, the furnace door may 
be left ajar for a minute or two after firing. . 

As to whether the admission of air above the fire requires to 
be rognlated for the difierent stages of combustion, there is a 
direraity of opinion. It is contended that as the largest amount 
la required when the gases are evolved immediately after firing, 
Ihe quantity admitted, when constant, must be too great for 
die last stages of combustion if merely sufficient for the first, 
and a loss of heat must be the result. ^This argument aig^liea 
^tHih greiktest force to the spreading system, ^\i«;TQ \^e x^^s^xnss^ 
lOMBtity of Mir after charging is greatest, and ^\ict^ ^^ ^bRK^ 
f ike geaee is aoonest completed. But ^\»ii ^^ csi^ixai^.^l^'^'**^ 



270 A TREATISE ON STEAM BOILERS. 

is employed the evolntion of the hydrocarbons is more gn 
and continues for some length of time, during the who 
which the admission of air is necessary. Experiments, recc 
by Peclet, on a boiler with provisions for admitting air a 
the fuel, having an area of '16 the air space of the fire g 
showed that the quantity introduced throng the bars ii 
diately after each charge was very small ; that the quai 
increased as the coal became converted into coke, and at 
end of the interval between firing it was about four tim< 
great as at the beginning. The quantity of air admittec 
the openings above th^ fuel remained nearly constant. 

These results distinctly show that with any but the co 
system of firing, the air admission above the fuel should 
last until the hydrocarbons are expelled, that is, two or t 
minutes after firing. 

With a constant admission of air to the upper part of 
furnace, even on the coking principle, the speed of evapors 
is usually diminished, although smoke is prevented. Th 
why so many engineers and firemen object to the plan of 
mitting air above the fire. 

The difficulty caused by the diminution in the 8pee< 
evaporation points to the greatest obstacle economical sm 
preventers have to contend with, namely, the want of suffi( 
boiler power. There are many boilers worked so hard thai 
admission of air above the fuel in barely sufficient quantit 
prevent smoke, reduces the rate of evaporation below thai 
quired. Boilers working under such conditions are bur 
their fuel with a great waste, and although the evapora 
may be rapid it is at a sacrifice of economy. On the o 
hand, the fact of the necessity of having so much boiler po 
shows that the cooling efiect of admitting a considerable q 
tity to prevent smoke may not always be economical. 

The fact is, that in many cases no economical gain has 

obtained by a complete smoke-prevention but just the rev« 

This may be accoimted for on the supposition that the inci 

of heat due to the burning of the hydrocarbons is somet 

counterbalanced by the lowering of the temperature by the 

cess of air after the fuel is converted into coke, or that the 

an excessive admission of air when the hydrocarbons are evol 

or that the facilities for mixing the air with the* gases at 

right time and place are inavxtl^civstiV ^^^Ol^h. t^^^x^^ ^ssois 

penmen ts where it was found t\ia.\» ^Vm%%&VJsift\^^^%. 

volume of carbonic acid \kwifeee oxs^x^^VSoa ^»^^> 
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■ 

[mty the smoke was thick ; that it began to clear when the two 

les were equal, and disappeared when the volume of free 

[VKygen was equal to twice that of the carbonic acid. 

It is frequently found necessary to shorten the fire grate in 
to maintain the evaporative economy, when a furnace is 
with a view to prevent smoke by admitting air directly 
\h the gases evolved from the coaL In very many boilers the 
Jngth of fire grate is excessive. Whenever it exceeds 6 feet it 
h almost oerti^ to be productive of waste, as the grate beyond 
iiuB length is beyond the control of the stoker in the majority 
of fomaces. Indeed, there are thousands of boilers working 
with 6-foot grates, which might with great advantage be reduced 
bj firom 12 to 24 inches in length. A large grate by burning 
bKxre fuel will raise more steam in a given time than a smaller 
grate, but the increase of evaporation will not bo proportionate 
feo the increased quantity of fuel consumed. The shorter the 
Biate the more economical will be the consumption. In fact, \ 
kbe economical limit to shortening the grate is only fixed by the \ 
power of producing sufficient steam without burning the coal 
too rapidly for complete combustion, by distressing the fire with 
too frequent stirring. 

Cases are to be found where the difficulty of keeping a very 
large grate covered increases so rapidly with the strength of the 
draught, that the production of steam is actually reduced as the 
draught is iucreased, in spite of the greater consumption of fuel. 
Thia is owing to the quantity of unburnt air, which passes 
through one portion of the grate, increasing more rapidly than 
the quantity of heat generated on the rest pf the grate. In 
•uch cases a reduction of the size of the grate, or force of the 
draught, will be followed both by speed and economy of evapo- 
ration, and less attention will be required in firing. 

The bars of internally fired boilers are frequently placed too 
high, the advantages of a large combustion space to aid the 
mi-ring of the air with the hydrocarbons, of a large furnace 
surface for absorbing the radiant heat from the fuel, and of a 
thick fire for burning all kinds of good steam coal, being too 
frequently sacrificed for the single advantage of an inch or two 
more width of grate. 

The distance of the bars from the bottom of externally fired 
boilers may be varied within considerable limits, according to 
the axe of boiler, intensity of draught, naXMT^ oS. <i»?\, *sA 
Uuekneof of &re. A distance of 14" or 1^" itoisi ^Jjva ^axi^^ ^"^ 
ib^Sretotbe boiler plates appears to bo ak\>o\iL\i ^JaB \i«^\» ^-^^^^ks?^ 
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height. By increasiDg the distance much of the effect of the 
radiant heat is lost^ and by briDging the fire too near the boiler 
there is a liability of damaging the plates, and of extinguishing 
the dame, impairing the combustion, and producing smoke. 

The weight of fuel in pounds per hour burnt on each square 
foot of grate is termed the rate of combustion, and depends 
upon the draught and combustibility of the fueL The rate of 
combustion varies with different classes of boilers, aud in dif- 
ferent districts. The following may be taken as the average 
practice with semi-bituminous coals. 

lbs. per square folk 
of grate per hour. 

Lowest rate of combustion in Cornish boilers 4 
Usual rate in Cornish boilers . . .10 

Usual rate in externally fired and internally 

fired Factory boilers . . . 10 to 18 

Usual rate in Marine boilers . . . 14 to 26 

„ „ in Locomotive boilers, with blast 

pipe 60 to 130 

The maximum rate of combustion of semi-bituminous stem 
coal, with air-admission through the grate and above the firs 
and with chimney draught, is about 40 lbs., but the evaporativf 
economy decreases rapidly with a combustion exceeding SOlba. 
The maximum rate of slightly-bituminous steam coal with aI^ 
admission through the grate only is about 35 lbs., but evea 
below this rate the intense heat given out by these coals bai 
been found to fuse the bars rapidly. Their evaporative economj 
decreases with a more rapid rate of combustion than 26 lbs. 






CHAPTEE XV. 

HEATING SURFACE. 

Bvaporative power of a boiler mainly depends upon the 
y of its heating surface, whose duty is to transfer the 
>m the products of combustion without to the water 

leat is communicated to the transmitting surface in two 
t ways, — by radiation and by contact ; and from two 
) di£ferent hot masses in the furnace, yiz., the solid iu- 
ant fuel, the flame, and the hot gases produced by com- 
. Beyoi^d the furnace bridge or tube plate the heat is 
d by contact and radiation firom the flame and gases 

unount of heat transmitted by radiation from one body 
lier diminishes as the square of the distance between the 
ncreases. The effect on any surface is also diminished 
' increase in the • inclination at which the rays fall 



t» 



radiation from solid incandescent fuel is greater than 
ame, whilst transparent hot gases scarcely radiate any 
> alL The more intense the contact heat of the flame 
rough mixture with the air, the less is the heat by 
►n. 

Luction is the transfer of heat either between ihe par- 
f the same body, or between the parts of difierent bodies 
act, and it is distinguished respectively as internal and 
1 conduction. The rate at which the former takes place 
J plates is very much greater than the latter, where the 
isses from the hot mass to the plates, and from these 
o the water. 

efficiency of any heating surface may be defined as the 
i<m borne by the amount of heat it transmits to the 
imoun^ araiiabie for tranBmi&aioix, ttn^ isi^SlD^ ««saA'C&^ 
'Sdency wiU be here used. Th« «m^\\aoTA csa. "^iVa.^ 
ioBoy depends are as foUoirs •• — 
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1 . The extent of surface acted upon by the heat and in con- 
tact with the water. 

2. Its position and arrangement with respect to the heating 
medium on one side and the water on the other. 

3. The nature, condition, and thickness of the solid bod/ 
forming the heating surface. 

4. The difference of temperature between the heat on one 
side of the solid body and the water and steam on the other. 

5. The time allowed for the transmission of heat. 

G. The nature of the heating medium, and the manner ia 
which the heat is communicated, whether from incandeBoent 
fuel, flame, or heated gas, and whether the heat is communb 
Gated by radiation or by contact. 

1. In estimating the extent of heating surface it is castomiij 
to take the whole area of furnace, combustion chamber, floflii 
water tubes, <bc., in contact with the heat on one side and tht 
water and steam on the other, and to consider the evaporatifi 
power of the boiler as proportional to the total number of squsn 
feet of surface thus found. It is evident this method would bft 
corcect if every unit of heating surface possessed the bum 
transmitting value. As we shall presently see, however, this ii] 
not the case, and although the efficiency of the surface may be i 
increased by extending it, it does not follow that the increase of: 
efficiency is in direct proportion to the increase of extent, but 
ia greatly dependent upon the other conditions enumerated. 

2. Owing to the low conducting power of water the applici- 
tiou of heat to its upper surface is almost entirely nseleas for 
warming the mass of water beneath. Inflammable liquids floaiiDg 
on water can be burnt without raising it 1° in temperatoie) 
whilst generating sufficient heat to evaporate the whole masis if 
applied below instead of above. 

In order to obtain the greatest effect the heat should be 
applied to the bottom of a vessel containing water, and when 
the heating medium is inside a vessel surrounded by water it 
should be applied to the crown. In both cases the heat is dif- 
fused through the liquid mass by convection. When water ii 
heated it becomes lighter and ascends, being displaced by ft 
descending column of colder water ; but when the water is heated 
by the bottom of a vessel or tube with which it is in contact, on 
becoming lighter it clings to the surface above it, and diffiiiei 
no heat downwards. 

In Tredgold'fl work on tV^^ *\.ewBi eii^eaaa Vt V^ ts«sAs^\- 
'^ Mr. Armstrong found t\iii.t •. on\>V^ ts«.H«2^v^^«i^ ^^^bm* 
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in water, and heated from within, generated steam from its 
upper surface more than twice as fast per unit of area than it 
did firom the sides when vertical, and that the bottom yielded 
none at alL These remarkable differences are owing to the 
difficulty with which steam separates from a verticjil surface to 
gi?e place to fresh charges of water, and to the impossibility of 
leaving the inverted surface at all. By slightly inclining the 
box the elevated side much more easily parted with the steam, 
and the rate of evaporation was increased ; while on the depressed 
md9 the steam hung so sluggishly as to lead to an overheating 
of the metal" 

A flat horizontal surface not too far above the layer of fuel 
is usually considered to be the most favourable for raising 
ateam. By being made concave to the fire it has, however, the 
further advantages of being still better adapted for receiving 
the radiant heat ; of facilitating the access of fresh supplies of 
irater to replace the heated ascending particles, and thereby 
promoting the circulation ; of boiling off the matters deposited 
from the water, and so preventing incrustation ; and of being 
■tronger, and in some cases more durable. 

Next in efficiency to the flat surface with the water above 
comes the sloping surface surrounding the fire, which is superior 
to one in a vertical position, as it receives the rays of heat at a 
more favourable angle, and allows the steam bubbles to escape 
more freely. The sides of locomotive fire boxes for these 
veaBons, as well as for improving the size of the usually too con- 
tnusted water spaces, are best made sloping, although the area 
of the <SK>wn is thereby somewhat diminished. 

In the locomotive class of boilers the fire box tube plate acts 
perhaps as effectively as the crown in transmitting the heat per 
unit of area, the rapid impingement of the flame and hot gases 
against it compensating for any disadvantage due to its vertical 
position. The efficiency of the crown is too often impaired by 
its top hamper, in the shape of stays, ferrules, bolts, <bc. 

From what has already been stated it is obvious that the 
?alue of any horizontal surface beneath the fire, whether flat or 
oorved, is inappreciable, and not worth consideration as heating 
ior&oe. In externally fired boilers the heating surface is 
usoally convex to the fire. This is by many regarded as in- 
ferior to a concave surface, probably because it is not so well 
adapted for directly receiving the radiant Vieai\ilio\ii VXi^ %x.^^«sv^ 
ihoB not appear to offer an equal f adiity iox dtcsoXaXksii. ^^^^^ 
moHa obtained &om this desoriptaoix of tt«rl«rf» m wi\»5^^«^ 
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do not appear to yerify this conclusion. The inferior evapora- 
tive power usually alleged of the ordinary externally fired 
boiler is, in great measure, due to the dissipation of heat in the 
furnace. 

Where the containing vessel is surrounded by the heating 
medium, as in water tube boilers, and in the '^ bouilleurs",<tf 
elephant boilers, the top side cannot be considered as effectife 
heating surface, in consequence of the manner in which tiie 
steam remains in contact with it. The efficiency of these tubei 
surrounded by heat should increase rapidly with the pressme^ 
since the space occupied by the steam will decrease as the pm- 
Bure is augmented, and the circulation will be improved The 
sides hold an intermediate position between the top and bottom, 
which latter may be taken as completely effective in absorbing 
and transmitting the heat. Taking the efficiency of the top as 
0, and that of the bottom as 1, that of each of the two sides 
will consequently be |, and the average of the whole drcum- 
ferenoe 

+ J + J + l_j. 



showing that the whole surface utilises only one half ihe 
quantity of heat it would utilise if it were all equally as effectivs 
as the bottom. In like manner the effective area of a tube 
iuterually heated will be found to be only one-half its total 
area. In plain cylindrical externally fired boilers only tho 
under half of the circumference is exposed to the heat, whilst in 
an internally fired tubular boiler the whole surface of the tube 
beyond the bridge (when clean) is exposed. If we take ths 
ratio of the diameter of the externally heated boiler and inter- 
nally heated tube as 2 : 1, the whole surface exposed will be 
equal in both for a given length of boiler, but the effective 
surface will be in the ratio of 3 : 2 in favour of the extemallj 
fired boiler. 

On leaving the furnace the flame and hot gases come in 
contact with heating surface, which may consist of internal 
tubes of widely different sizes, and of elliptical, circular, or rec- 
tangular cross section ; combustion chambers ; horizontal, in- 
clined, or vertical water tubes ; and the flat or round ends 
and curved bottoms and a\de% oi V\i<& Vy^&x %&v>&,\L As wo 

have already seen, the upper ^xMiow. o1 V^toksq^a^ issNenaik. 

'ahoB forms the moat effectWo «va;pQi»Xa3a% wB!lM»^\iQ» %isn^ 
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L hottest portions of the gases coming in contact with it on 
) Bide, and the steam escaping readily from the other. The 
per surface of the tube on the fire side is kept tolerably clean 
the inteuse heat and current of hot air when the draught is 
it sluggish. The water side is kept comparatively free of 
crastation when the deposited matters carried up by the 
inllition are not prevented from passing away and settling 
here the water is quiet. For this reason, and also to allow 
le rising steam to escape freely, sufficient space should be left 
Btween the tubes in a multitubular boiler, — about ^ their 
ismeter. For facility of cleaning or washing out, and also to 
unlitate the escape of the steam as it is generated, a cluster of 
mall horizontal tubes are best arranged in vertical rows, and 
ot sig-zag, or in rows ruuniDg at an angle of 30° or 60°, which 
I done for the sake of getting the greatest possible number of 
abes in a given area of tube plate. 

The crowding of tubes in multitubular boilers is often carried 
an extreme, especially in the locomotives on some of the Con- 
inental railways, with the view of getting more surface, but 
rithout regarding the other conditions of steam raising. Heating 
urface in the abstract is one thing, its efficiency is another. 
Theoretically, the spaces between the tubes should increase with 
he distance from the lowest row of tubes. In arranging them 
n vertical rows this can only be attained by decreasing the 
tiameter of the tubes as they ascend, which is, however, objec- 
ionable in practice. The under portions of the tubes and 
ntemal flues are almost worthless for steam raising, not only 
m aooonnt of the difficulty the steam has in escaping from the 
Rnface on one side, but also in consequence of the deposit of 
loot, ashes, and flue dirt which is the rule on the other. The 
ncmstation also accumulates much more rapidly, and to a 
p«ater thickness, on the under side than on the crown of tubes, 
specially of large diameter, principally on account of the com- 
Mratively quiescent state of the water in contact with the 
bnner. 

The manner in which the heat from the swift current through 
i horizontal tube is brought in contact with the metal is pro- 
Mibly by a kind of convection. Assuming the gases entering a 
obe to be all of the same temperature, the particles striking 
gainst the upper surface must give up part of their heat, and 
Q ooqling descend by virtue of their inciesAe^ ^tvi\Vj^ ^^^^^^ 
Ew onward and upward force due to the luouieiiWui ol V^s^s^TSAaa^ 
yob appoaea their desert. The hot pax^is^^oii^ VsaxokA^c^a^^^ 
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behind and beneath these will come in contact with the nppar 
surface a little further on, and so a species of convection is kept 
up as the gases sweep along. This probably gives rise to ^ 
uudulatiug and winding manner in which flame may be ob- 
served to pass along a horizontal tube. It would hence appev. 
that the tubes should be inclined downwards from the fiimaoe^ 
instead of being quite horizontal, in order to aid the contiet 
of the hot gases with their upper surfaces. A very smiQ 
amount of heat is transmitted by radiation from the hot gaM 
during their flight. But when the flne deposit on the botton ^ 
of small tubes is not too thick to impair the draught it mj 
act advantageously in robbing the lower part of the gases of 
part of their heat, which, when sufficient to maintain the lajfw 
in a state of incandescence, will be imparted by radiation to 
the tube crown. 

In horizontal internal flue tubes various means have beei 
devised for extracting more of the heat out of the gases tbu 
they will yield by radiation or conduction through their mui, 
by breaking the currents at intervals, and so bringing firedi 
portions of the gases in contact with the plates. This ia perli^i 
best eflected in large tubes by the introduction of side wstof 
pockets and central water tubes, which also improve the droii- 
lation, and at the same time may be made to impart additioml 
strength to the main tubes. The area of the passage is, how- 
ever, contracted by these expedients, and the draught impaired, 
which in some cases causes a reduction in the evapomtiro 
velocity, instead of an increase, which the application of the 
increased heating surface is expected to produce. The deaning 
of even large tubes is rendered more difficult by these heit 
extractors, which circumstance alone very often more than ooun- 
teracts any advantage they would otherwise aflbrd, causing a 
reduction both in the economy and rapidity of evaporation. 
This difficulty precludes their adoption in small tubes altogether. 
Only the face of the water tubes and pockets against which the 
rapid current impinges on its way to the chimney can be » 
garded as really effective heating surface. In order to facilitate 
the escape of the steam as it is generated, vertical water tabec 
should be made conical, and no water tube should ever be 
arranged horizontally, as this position is unfavourable to the 
circulation, and renders the escape of the steam well nigh 
impoaBihle, 

la passing up tbrougb. -vetVAsa^ tviJQ«»>iJMk \^sfii^ ^fc\. ^ ^^ 
vantage for impariang ilieai ^«^V. ^ >^^ ^\aJ«J4- t^aa^^K^oto 
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XK>led by oontact with the sides on entering have no tendency 
io make way for those in the middle of the current that still 
retain their heat, which can therefore only be indifferently im- 
parted by radiation or conduction. Transverse water tubes, or 
some other means for extracting the heat from the gases by 
Mmtact are necessary adjuncts to vertical boilers, to render them 
my thing like economical steam generators. These water tubes 
ihould always be arranged with considerable inclination, to 
illow the steam to escape freely along the upper surface, against 
which it rises as quickly as it is generated at the bottom, and 
10 improve the circulation. The cross tubes both in vertical and 
horixontal internal flued boilers should never be arranged all iu 
a line, but each tube should be set at an angle with those pre- 
oeding it, so as to intercept the greatest possible amount of heat 
by breaking up the current of hot gases. 

Besides greatly adding to the heating surface, the cross tubes 
and the auxiliary vertical tubes sometimes used in upright 
boHen also promote the circtdation throughout the boiler, and 
thus act indirectly in improving the heating surface of the main 
tabes themselves. 

3. The evaporative efficiency depends on the nature, con- 
dition, and thickness of the material forming the heating sur- 
fiuse. In a homogeneous plate the resistance to internal con- 
duction is proportional directly to the distance the heat has to 
traverse, or to the thickness of the plate and inversely to the 
diiFa:«nce of temperatures between the two faces, whence the 
quantity of heat in units transmitted, through 1 square foot 
of plate per hour may be represented by 



where T = temperature of hot gases ; T' = temperature of 
water ; t = thickness of plate in inches ; and P = co-efficient of 
thermal resistance found by experiment, and, according to 
Peclet, is -0096 for iron and '0040 for copper. 

Expressing the resistance to external conduction by the 
oo-effidents, H and W, which represent respectively the resist- 
ance to the absorption of heat by the face of the plate, and 
the reaiat&nce to emission on the other aide m eo\^«ifiX>^^fn^(^^^ 
rMtar, iben the total thermal reaistance, mtien^ vd>-^ o^^t^i^ 
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is expressed by P ^ -f* ^ 4" ^ ^^^ ^® quantity of 
transmitted by 

T — r 



Pe + BL + W. 



From this expresion it is evident that the heat transm: 
power of the plate decreases with the thickness and resist 
or conversely, increases with the facility offered by its 
absorbing, conducting, and emitting qualities ; also tha 
resistance is not directly proportionsd to the thickness o: 
conducting power of the plate. The smaller P and t anc 
larger H and W become, so does the importance of the infli 
of the thickness diminish. In consequence of the 
superiority of the internal compared with the external 
dnction of copper, brass, iron, and steel, some em 
authorities conclude that the small difference in their 
ducting powers and thickness has no appreciable influenc 
the amount of heat they transmit. 

Peclet, who found that all metals conduct about alike, 
their surfaces are dull, quotes two experiments that appes 
bear out this conclusion. One was with a boiler of cast 
and the other with a boiler of copper. Both were expose 
a fierce fire and plunged into the flame. Each produced i 
20 lbs. of steam per square foot of surface per hour. 

Carefully conducted experiments, and the result of a 
practice, show that after the first few days' work, with ord 
impure feed water, there is no perceptible difference ii 
evaporative power of copper, brass, and iron tubes, altfa 
their relative internal conduction powers are respectivel; 
24, 12, and that so far as the economical use of fuel is 
cemed, there is no gain in employing the dearer metals, 
same result has also been found when using slightly difif 
thicknesses of the same metaL Although the differeno 
tween the steaming powers of new boilers with furnace ] 
i and j- inch thick is sometimes found to be material, it ra 
disappears as the plates become coated over on both i 
Layers of oxide, incrustation and grease on one side, and 
flue deposit, or the products from the slow distillation o 
coals on the other, greatly increase the resistance to the 
sage of the heat. Tbe condwcXivN^ ^^«t% ^1 ^Ccj^i^ ^nlbet 
really measure the evaporaAive ^^«t dH \Jt\a \»\^Qfe ^x 
being bad thermal conduotoTa, tVevt oXseXxxvsNlY^xLViHJaft 
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of the heat from the gases or fuel to the water is so great, 
b comparison with that of iron or copper of ordinary thick- 
nesses, that the latter loses its sigDificance, or, in other words, 
ike quantities P and t, for either copper or iron in the formula 
' are so small^ compared with H and W, as not to be worth 
eonsidering. 

The rapidity of the internal condnction is greatly dependent 
lipon the homogeneity and solidity of the plates, for all kinds 
of boiler materials. Where much lamination occnrs in the 
plates, the interual may actually become a succession of external 
conductions, the rate of transmission being in consequence 
Mriously affected. It is a well-known fact that ^" and ^^" 
ftumace plates are much more liable to fracture and become 
otherwise iujured from excessive heating than -^g' and f " plates. 
fFhiB is sometimes adduced as a proof of the inferior evaporating 
powers of thick plates ; but it does not follow that the in- 
lenority is appreciable in the amount of water evaporated. 
The manner in which the injury to thick plates comes about 
it as follows — when the plate is homogeneous and uniform, the 
€Qndaction between the two faces will be uniform throughout, the 
temperature being highest on the fire side and diminishing 
(gradually to the other side, where it is lowest. The difference 
vill be in proportion to the thickness. Assuming the face in 
eontact with the water to be maintained at a constant tempera- 
ture, it follows that the other face will be more and more 
heated as the thickness is increased, and consequently more 
Hable to injury from sudden cooling. If the internal face, 
bttead of being in contact with water, is covered with scale, 
or the plate is laminated, or a double thickness occurs, the 
thermal resistance may be indefinitely increased, and the liabi- 
liiy to iDJury by the plate attaining a very high temperature 
leriously aggravated. This is proved by the bursting of 
Uisters and the fracturing of the lap edges through the rivet 
holes. Formerly, when the difficulty of rolling- boiler plates 
increased with their thickness, the more frequent presence of 
lamination in thick plates would probably have much to do 
with their, alleged increased resistance to thermal conduction. 
The difficulty of obtaining sound boiler plates |" thick, 
and even more, is, however, no longer to be considered 
geneiaL 

J* J9 aiud that the thickness of ihe 'wtovi^Wtow. %x^ \i«^ 
phteain Ameno&n Jocomotive boilers ia dVmm\&\i«i^ ^^\X5^% 
^ tbm Motdon of the heat, until they aro a\io\3A. ^s'' > h^VsmSo 
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appears to be the thickness that transmits the heat with just 
sufficient rapidity to keep the surface on the fire side, below a 
wasting temperature. This wasting does not take place to so 
great a degree with copper plates, owing to its superior internal 
rate of conduction, -^^ inch being the thickness which corre»> 
ponds in this respect to the -^^ inch iron. It is obvious, how- 
ever, that the impurities in the fuel and water and local action 
of the draught will affect the thickness of the plate, quite 
independently of its conducting power. 

It is the opinion of some experienced boiler inspectors that . 
thick furnace plates, both vertical and horizontal, receive a 
slightly thicker coating of incrustation than thin plates, under j 
exactly similar conditions of temperature, water, &c. Thii i 
can only be accounted for on the supposition that the ebuUitioa j 
over the thicker plates is less intense, which would appear to 
prove their inferior evaporative value. 

4. In coming in contact with the first unif s length of heat- 
ing surface the gases part with a portion of their heat, thsy 
will consequently have a diminished amount for the next uniVft 
length, and this will be still further reduced by oontaol 
with fresh surfaces, so that each successive portion transmits a 
gradually diminishing quantity of heat, until the gases escape 
with a certain excess of temperature above that of the water. 
It is usually stated that the quantity of heat so transmitted 
by the plate or tube is in direct proportion to the differenoe 
in temperature between the heating medium on one side and 
the water on the other. This conclusion must, however, be 
received with some qualification. If the hot gases and air 
passing through a tube possessed the property of imparting their 
diminishing heat, under similar conditions and in a uniform 
manner throughout, and if the resistance to conduction offered 
by the heating surface were uniform for its entire length, it is 
probable that the heat imparted at each point in its paasage 
would be nearly in direct proportion to the difference of tem- 
perature. Assuming the gas to enter the tube at 1800** and 
at each successive stage to impart ^ of the difference of 
temperature to the water at 212°, we should have the first 
amount transmitted 

1800° — 212° 

^ = 264°. 

The gaa arrives at the next pomV. ^V\i ^ \«as^«s^HKa% ^1 Y^^- 
264° = 1536% the amowt wVii^a^ in VJoaa c»aft -ir^\«^ 
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1536^ — 212'* 



6 



= 221°. 



Hie temperatore at the next stage will be 1536° — 221° = 1315% 
md BO on, for each suooessive steps, until the gases escape at 
^0°, as li^own in fig. 22. 
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Bnt the manner in which the heat is transmitted by the 
is not the same throughout. At that eud of the tube 
irhere they enter the heat is imparted to the metal directly 
hj the hot gases in contact, which are thereby rapidly cooled 
down, and the heat for the remaining length of tube must, 
in some measure, be transmitted by radiation or conduction 
from the hotter particles, at the axis of the tube, through 
Ae cooler mass, which now surrounds them, or by convection, 
W stated at page 277. As the transmission of heat by radiation 
and conduction requires time, and is almost nil with hot air and 
tnnaparent hot gases, it appears then that the heat near the 
exit end must be imparted mainly by convection, and, there- 
fine, at a comparative disadvantage, and hence the evaporative 
duty of opposite ends of the tube will not be in direct propor- 
tion to the difference between the temperatures. The amount 
of heat imparted as the gases are cooled down will not be so 
great as we obtained above, nor will the temperature of the 
eeeaping gases be so low. 

If this be the case when air is the heating medium throughout, 
the difference in the proportion of the quantity of heat imparted 
•t opposite ends will be much greater when flame is drawn through 
i tube or along the bottom of a boiler, for a short distance, 
owing to the great superiorifcy that flame possesses over hot air 
18 a heating agent under the circumstances we are con- 
lidering. 

According to Professor Rankine, when the difference between 
the heat of the gases and the water is very great, the rate of 
conduction increases faster than the simple ratio of that dif- 
ference, and is nearly proportional to the «c\y\ax^ o^ \.Vift d\S!St«s\R» 
of tempenture. The rate of conduction yq VXifeXTMiX. x«!L>i<«i Vix 
Riifes and tabes per square foot of aurfeAe -^t \kft\a ^o^«^ ^""^ 
^q>neBed by 
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a 

where T and T' represeDt the temperatures of the two fluidii 
wliich are respectively in contact with the two faces, and a ii 
a constant, which, lying between 160 and 200, agrees yeij 
well with the results of experiments on the eyaporative power 
of boilers. 

The above considerations will lead us to expect a very small 
evaporative duty from the exit ends of long tubes, or, generally, 
from heating surface where the temperature of the gases is vezj 
much reduced, or the heating medium is changed from flame to 
heated air and steam, and no surprise will be caused by the resulU 
of various experiments that have been made from time to timft^ 
to prove the superiority of firebox surface to tube surface. In 
1830 Stephenson found that in a locomotive boiler, open to the 
atmosphere, and with the firebox separated by a plate from the 
barrel, that one foot of firebox was equivalent to three of tube 
surface. In 1840 Mr. Dewrance modified the experiments by 
dividing the barrel of a small locomotive boiler into six com- 
partments, that next the firebox being 6" long, and the 
remaining five compartments each 12'^ long. The results 
found were that the first six inches of tube were equal, area 
for area, to the firebox surface ; the second compartment was 
only about one-third as efiective, while in the remaining four 
compartments the evaporation was so small, according to the 
experiments, as to be practically useless. 

In 1858 Mr. C. W. Williams experimented on a small open- 
topped boiler, 4' 6" long, having a 3" tube passing through 
it. The boiler was divided into five compartments, the fin* 
being 6" and the rest 1 2" in length. The heat was supplied 
by means of a gas burner, placed in one end of the tube, 
bent down at a right angle. In a trial of four hours the 
water evaporated from 44° was in the five compartmenta 
severally 96, 44, 24, 19, and 16 ounces ; and although the 
temperature of the escaping products of combustion was about 
500°, that of the water in the last compartment was only 
170°. In another trial of four hours with the same boiler, 
from an initial temperature of about 190°, the results wero 
98, 44, 32, 23, and 17 ounces evaporated. The temperature 
of the water in the la»t comp«t\.Taevi\. l^ \<a W^ ^ >^^^\fid|^ 
that the absorption was lew Omoi \.Yi«> T^SaiC^sa. oSl >as«^ ^\a^^ 
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liowever, would not have been the case had the boiler been 
dosed in or protected. 

The temperature of the escaping products was in this case 
about 485^ In a third experiment the boiler and tube were 
lengthened to 5' 0", and divided into five equal compari- 
aients, 12'' long, and a strong coke fire was substituted for 
"the gas jet. In a trial of three hours the quantities evapora- 
ted from 50° were 117, 92, 73, 64, and 63 ounces, the pro- 
dhuHs escaping at a temperature of 800°, whilst the tempera- 
Inie of the water in the last division did not exceed 206° at 
1^ conclusion of the trial 

About 1864 some further trials were undertaken with a 
■nliitubular boiler 5 feet long. The tubes were divided off 
into 6 lengths by plates at intervals. The compartment next 
to the tube plato was only l" long, the second 10", and the 
fonr remaining were 12" in length each. The following 
foantities of water were found to have been evaporated, after 
three hours' work : — 

Compartment No. 1 ( 1" long) — 46 ounces. 

2 (10" „ ) - 47 „ 

3 (12" „ ) _ 30 „ 

4 (12" „ ) — 22 „ 
6 (12" „ ) — 18 „ 
6 (12" „ ) — 17 



99 




>> 




>» 




» 




>» 





>» 



As there were no separate means of measuring the quantity 
tvaporated by the tube plate, the large amount given for the 
lint length of 1" was in reality partially due to tube plate 
nrface. The decreasing value of each succeeding length need 
oooaaion no surprise, although the exact manner of decrease 
]& each case is not very clear. 

From these and other experiments it has by many been 
CRoneously concluded that in boilers having long tubes, say 10 
feet or more, only the first 12 '' or 20 " of length is of material 
evi^rative value. The results of the experiments were how- 
ever obtained under conditions very different from those under 
winch, the tube is employed in practice, the principal di£ference 
between the absence of strong draught which draws the 
flame through the tubes, especially in a locomotive boiler. The 
liroDger the draught the greater will be the tem^x^^vvx^ <^1 ^2^^ 
fteapiDg gases, and consequently the greatex V^dl<& '«i«£X>«^\ra^ \si 
ulUog the £ame through the tube tlie ^8la<d oi >i2kL<6 V^ia^vc^ 
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surface is more equalised for the whole length and the rapifi% 
of evaporation greatly increased. The stronger the dran^t tlM 
greater the Telocity of the cxurent of gases, and as we shaU 
presently see, the greater should be the length of the tubea to 
allow time for absorbing the heat. Experience proves that ii 
boilers at work all the tube surface is important for epeed of 
evaporation, provided the draught is suitably increased wikk 
the length of tube. 

The great superiority of the furnace-heating surface, both in 
locomotive and other types of boilers, is no doubt greatly owinf 
to the radiant heat from the incandescent fuel being princ^piUf 
absorbed here. According to Peclet, the proportion of radiut 
heat from red-hot coal may be taken as 0*5 of the total heat of 
combustion. The greatest quantity of this is given out upwaidii 
and but very little is absorbed by the hot air, except whit ii 
not taken up by the plates against which it radiates, in the 
same manner as our atmosphere is only warmed by the earth 
and not by the sun's rays which pass through it. 

If we assume that f of the total heat from the incandeaoent 
fuel is absorbed by the furnace plates, and ^ is carried off bj 
the escaping gases for producing the draught, we have asHf 
i left for absorption by the heating surface of the flaea or 
tubes, and owing to the heat being more favourably dicaoh 
stanced for absorption by the surface near the furnace then 
remains but little heat to be extracted by the surface at a 
distance from the fire. The tube surface is of most value for 
transmitting the heat from the flame which comes in contact 
with it, and its value is least when the fuel bums without 
flame. 

The comparatively small heating power at the escaping enda 
of the tube in the experiments is only what we might expect 
when the hottest portions of the gases are not brought into 
direct contact with the plates. There are many cases where tha 
tube surface has been replaced by combustion chambera, pc^* 
senting a less amount of transmitting area for the flame, but 
allowing a better mixture of the gases and a more perfect com- 
bustion, yet a loss of evaporative power has generally been the 
result, showing that the value of the tube surface had been 
imderrated. 

On the other hand, increasing the heating surface by plaoBf 
numerous tubes at the back end of long internally fired bofltn 
iias led to diBappointmeiit, "no \>«a^eSiN. \^^S32k^T%«^S^(M^^fiQA.^ 
in great measure o¥rmg to VXi^i x^\\vfi\aaiwV>^-sR\a^"^sfc\* 
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give up their heat, and in consequence of the retarding of 
itm draught by the contracted area of the tubes. There is also 
aaliher important circumstance that operates strongly against 
bl» evaporative power of the back ends of long tabular boilers 
af all clasBes where bad feed water is used, except, perhaps, in 
locomotives. The parts of the boiler on which the incrustation 
■ most thickly and rapidly deposited is where the water is 
quietest, or the ebullition least violent, and consequently where 
liie least amount of heat is absorbed. This amount of incrus- 
liikm increases with the age of the boiler, and as the resistance 
Id ihemial conduction increases in proportion, it is obvious that 
Vie late of conduction will decrease in a still more rapid ratio 
HuHi the square of the difference in temperature between the 
!two £Eu;e8. In many cases of externally and internally fired 
"boQere, the decrease in the rate of conduction and evaporation 
temot be less than the cube of that difference. 

It is evident from what has already been stated that we must 

^ last arrive at a point where no useful effect can be gained by 

Ml farther increasing the heating surface. This point is not 

"ihrayB determined alone by the difference of temperature between 

^Hie two floids, which at any point depends in great measure 

ipoQ the foree of the draught, but is governed also by the 

'Vtore of the heating medium, position of heating surface and 

ritB zesistance to conduction. Where there is no means of 

■nqxroving the draught there is a positive loss in having too 

tikeiided a heating surface, either in plates or tubes, especially 

in the latter, as the accumulation of soot that takes place in 

•ihem impedes the draught, which again causes a further deposit 

of Boot, and so the evil goes on increasing. 

If we assume the diminution of the rate of conduction we 

'fimnd at page 283 to be correct, at the same rate, by doubling 

: 'tile length of the tube we should have the temperature of the 

•cieaping gases at 474°, giving an increase of 376° utilised for 

"eFapoiation or 

= 24 per cent. 



1800—212 



of the available amount in the case we have considered, but 
^lypioximately not more than 12 per cent, if we take the tem- 
• ]»ratoro of the fire at 3000°, the difference V^twe«^i[i ^QQC^"" vcA 
1800^ heing absorbed in the furnace. But "^e ^csvsY^iJkfiN* ^ask. 
9fQQ ibh inareaae of power if we double ilne len^SbLol ^<&\*s^«t 
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in order to obtain a corresponding increase in the length oC 
tube, there being a great loss of heat dae to radiation into tiiB 
atmosphere from the boiler shell, which loss increases directly ai 
the length, and beyond a certain limit it is evident that w 
should lose more than we should gain by adding to the lengtt 
of the boiler. 

On the other hand, by reducing the length of the boiler tot 
much, a large quantity of heat would be wasted, owing to thft 
excessively high temperature at which the gases would escspei 
As a rule we should make our heating surface as great li 
possible, taking care to discbarge the products of combustion ak 
a sufficiently high temperature to ensure a good draught and 
not to waste more heat by radiation from the boiler than : 
transmitted by the heating surface. The temperature of thi 
escaping products should not exceed 600°, which i-* about tlw 
maiimum in good practice and the best for ensuring a good 
draught. 

5. The evaporative efficiency of a given amount of heating 
surface depends upon the time allowed for the transmission of 
heat through it, or for the contact of the hot gases. The greater 
their velocity, the less time have they for imparting their heit 
to the plates or tubes where the length of surface is constani 
The velocity through a tube may be increased, either by reducing 
its area, the total quantity of gases passing through remainmg 
constant, or by increasing the draught, and so causing a greater 
amount of gases to pass through in a given time, the area of | 
the tube remaining unaltered. When the heating siurfaoo j 
consists chiefly of tubes, as in the locomotive type of boiler, the i 
collective area of the tubes may be diminished without decreasing 
the extent of heating surface, since the sectional area varies ai 
the square of the diameter, whilst the surface measured by the 
circumference diminishes simply as the diameter. With the 
gases passing at the same velocity through two tubes, when 
diameters are as 1 : 2, the latter will be traversed in a given time 
by four times the quantity of gases, and will have only twice the I 
surface to absorb the heat. Therefore, to obtain the f^ame 
evaporative economy as in the small tube, we must double the 
length of the larger, or generally speaking the proportion 
between diameter and length of a tube is constant for the same 
evaporative efficiency. When an increased quantity of gases of 
the same density pass through a tube in a given time, although 
^iiere will be a greater ab^oxpYiVoiv. ol Yia^^ >^^x^ ^<«>^.V «.tilL be a 
loaa by the increased amowat ol \ift»Xi xeuiaMflsaa, Vs^: ^ioA ^iM»s|i&s| 
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; and in order to preserve the same economy, or in order 
Ahftt the heat of the escaping gases shall remain constant, the 
langth of the tube must bo increased in proportion to the 
iMreased quantity of gases passed through. 

If we consider the heat to be imparted to the tube surface by 

ndiation, which, however slight, is probably the principal mode 

«f transfer in vertical and other long tubes, where the convection 

amongst the particles of gas cannot be supposed to take place to 

■ay great extent, we may assume the heat to be concentrated in 

ii» axis of the tube, whence we find the quantity of heat 

noetved in a given time by the surface from radiation will be 

Jiivert<ely as the square of the diameter. By doubling the 

^diameter we shall have four times the quantity of gases passed 

iHuroagh, and the quantity of heat received in a given time will 

Ite only one quarter of what it was before, owing to the increase 

^nf distance. l?he surface being, however, twice as great, the 

tbiorption per unit of length becomes equal to one-half the 

^BiiginaL Therefore, in order to bring the evaporative efficiency 

Up to the original, we must double the length of tube, or 

^pnerally we must increase the heating surface as the square of 

^flia diameter, in order to obtain the same evaporative efficiency 

from radiation when increasing the diameter of a tube. 

■ Bat if we reduce the diameter to one-half, we increase the 

-absorbing power fourfold per unit of surface ; the heating surface 

king however reduced to one-half, the evaporative power of the 

tabe will be only doubled, whence the tube may be reduced to 

oae-half the original length and still retain the same evaporative 

Aneucy, or, the length remaining unaltered, the quantity of 

fanni passing through should be doubled to maintain the same 

temperature at the escaping end, or, as before, the efficiency of 

mdi square foot of heating surface increases inversely as the 

•qoare of the diameter. 

When a fuel is used which burns with a long flame, the 
diameter of the tubes should not be too small to exclude the 
flame altogether from passing along them, as it is of much more 
araporative value than the transparent products of combustion, 
owing to the small radiating effect of the latter. But where the 
hydro-carbons and carbonic oxide can be sufficiently burnt 
before reaching the tubes these can scarcely be made too small. 
In locomotive furnaces the presence of the brick or water arch, 
by retarding the passage of the gases to t\\d V\V\qi% ^\A ^nSx^si^ 
atore time for the proper combustion, of \i)QLe voVaXICl^ ^^x\& ^1 ""(^^ 
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fuel should render succesHful the application of stiU smaUec 
tubes than are generally used. 

6. From vvhat has already been stated oonoerning the emaU 
aniouut of heat transmitted by radiation, conduction, and 
convection from the transparent' gaseous products of oomba8tio% 
the heating surface, at a distance &om the furnace, in order to bi 
effective, sliould be arranged to bring the gases in direct cootact 
with it, by suddenly changing the direction of their current, or 
by placing water tubes in their path, but at the same time tht 
arrangement must not impair the draught to a serious degree. 

The evaporative value of a square foot of heating sorfiut 
varies then in different classes of boilers as weU as in the saa 
boiler, according to its condition, nature, position, &a la 
consequence of this and the uncertainty of the other conditiooi 
on which depends the evaporative power, there is oonsideraUi 
difficulty in determining precisely the area of heating surfafll 
necessary for the production of a given amount of steam. TIm^ 
simplest way to estimate the evaporative power of a boiler is to 
tiika the average duty of the whole heating surface found hf 
experience for the various descriptions of boilers in use. Wr 
may take the average maximum evaporative effect of a squaii 
foot of heating surface at 21 lbs. of water per hour, or one cubie 
foot of water evaporated by thieo square feet of surface. It i 
will be more than this in some locomotive fireboxes, and whero- 
ever a jet of flame impinges violently againt the surface, and 
less in some furnaces of externally fired boilers. The predae 
value has never yet been found. In locomotive boilers tlit 
highest average value for the whole surface in the boiler il 
1 3 '5 lbs. of water from one foot of surface, or about 1 cuUo 
foot of water from about 4^ square feet of surface ; and im 
ordinary tubular and externally fired boilers from 3 to 7 Iba., 
or 1 cubic foot from 21 to 9 square feet of heating surfaoe^ 
ranging from 20 lbs. per square foot of furnace surface to a few 
ounces or nil per square foot at the point where the gases quit 
the boiler. 

For a given description of boiler, it is evident the evaporative 

efficiency will mainly depend upon the ratio between tba 

quantity of coal consumed and the extent of heating sur&oe. 

The quality of the fuel and the manner in which it is burnt, M 

\\ell aa the condition of the heating surface, have necessarily an 

hiq or tan t influence upon tliie ^N«i^Qra.tLve efliciency and power. 

As we have already seen, \i^e.i^ taai"^ \» ^q»ti»l^^t^^^ \i^ato^ 

allowed in determiniBg tVie TaX\o o^ coxv^wii^'eL^Ti. \i^ Vs»S» 
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Rirfaoe. By slightly mcreasing the draught and burning more 
Ene], or, in other words, by slightly forcing the fire, we may 
■■Serially increase the speed of evaporation with a very small 
loM of economy ; and, on the other hand, we might add very 
peaily to the heating surface without finding any appreciable 
benefit either in speed or economy. 

The small gain in economy, accompanying an increase of 
hetiuig surface, is most marked when the area added is parallel 
vith the current of gases, and at the part of the boiler where 
Ifaey quit it and where it can be least effective, being acted upon 
WbIj by the radiant heat &om the gases. But if the additional 
Mr&ce is placed in the furnace so as to absorb an additional 
qsmtity of the radiant heat from the fire, or arranged so as to 
noeive the heat of the fiame and gases by direct contact, which 
any be done by diminishing the diameter and increasing the 
immber of tubes in a multitubular or water-tube boiler, or by 
{being an efficient feed -water heater between the boiler and 
idumney. with which the gases come in direct contact, the 
jiMODomy may be maintained whilst the consumption of fuel and 
;ipeed of evaporation is increased. 

Mr. D. K. Clark, who has carefully investigated the relations 
of grate area, heating surface, and consumption of fuel and 
'Wiier in locomotive boilers, arrives at the following conclu- 



1. For a given extent of heating surface the economical 
boarly consumption of fuel or water decreases directly as the 
grate area 'is increased, and consequently in order to maintain 
jSbe same efficiency or economical effect, the total hourly con- 
nmption should be reduced at the same rate as the grate area 
ii increased. 

3. For a given area of grate the total hourly consumption 
riunild vary as the square of the heating surface. That is, if 
ve double the area of heating surface, we can bum four times 
tlie quantity of fuel with the same grate area and maintain the 
nme evaporative efficiency or economy. 

3. For a given hourly consumption the area of the firegrate 

. dunild vary as the square of the heating surface in maintaining 

the same efficiency. That is, if the heating surface be doubled, 

the grate area may be increased four times, and the same 

eoonomioal consumption maintained. 

Now with respect to the first of these conc\\\s\OTi^\\»^Qp^\ 
t^fpemr to hold good for all descriptions of boVieT^ "^ ^<b\^«t'i^ 
jir mayberndd Hukt there cannot be too '\it\l<e ^jnAa VL^AwVst 
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economical evaporatioD. Evaporative eoonomy is, however, not 
compatible with evaporative speed, and the diminution of gnte 
area is limited by the speed of evaporation required, and by the 
maximum rate of combustion found to be - consistent witkj 
economy, which varies in different classes of boilers. By v^ 
ducing the grate area the economical value of the heating surfMl 
of the boiler may be increased, although the speed of evaponh 
tion may at the same time be diminished. From the relationi 
embodied in the second and third conclusions, that when tin 
heating surface is doubled the economical hourly consumptiM 
of fuel may be increased fourfold by increasing the rate of com- 
bustion or the size of the grate, it may be concluded that tha; 
efficiency of each foot of surface is increased by merely incretf* 
ing the Hurface, or that the evaporative power of the boiler ii 
increased more rapidly than the increase of heating surfuSi 
whilst the efficiency is maintained. There is, however, a 
maximum quantity of coal that can be economically burnt oi 
each square foot of grate, which limits the power to be derived 
by increasing the heating surface, while the grate area remaiBi 
constant, and with a given rate of consumption of fuel iliB 
increase of grate area is limited by practical oonsideratioM 
already noticed. 

It is, however, more especially to boilers of the locomotivB 
type that the two last conclusions can apply. In adding heat- 
ing surface to a locomotive boiler with a given area of firegrate, 
we can only increase the size of firebox, add midfeathers or 
similar expedients, and increase the number of tubes, as the 
length of boiler cannot usually be increased. This at once addi* 
c<m8i<ierably to the economical evaporative power, by offering a 
larger surface at the most effective position in the boilei ; and 
if the diameter of the tubes be at the same time reduced, tho 
evaporative efficiency is likely to be still further increased, as the 
smaller tubes are better adapted for extracting the heat from ' 
the ga»es, and the result found in practice agrees with the 
theoretical considerations advanced abova 

But in the case of an ordinary stationary boiler we can only 
augment the heating surface to any considerable extent by ! 
adding to the length of the boiler, or by increasing the lun of 
the flues. In either case we add the heating surface where it is 
least effective, and where the least quantity of water is evapo- 
rated, in consequence oi t'^i© g;aae&\i«iva^\i«t^ ^saoler^ and in the 
yvorst condition for impartiw^ \,\\eYc \ift«.\., wa^^'Wi Qw^^KfixsoxX A 
the deposit of soot and mcxwe^^^oiv >o«a^^ V5km2^««N»^Vvs»'^ 
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quit the boiler for the chimney. By doubling the length 
of a tabular or externally fired boiler we should not be able even 
ko doable the consumption of fuel and maintain the same 
vtrnporative economy. Besides, unless the draught can be 
Materially increased at the same time that the run of the tiues 
ii lengthened there will be a decided falling off in the*speed of 
MPaporation. 

' In the locomotive the forced draught allows a greater range 
fei the rate of combustion than can be obtained in stationary 
■od marine boilers. 

With a sluggish draught small tubes are liable to become 
iahoked up with soot or flue deposit, and this liability increases 
vith the length of the tube. The same remark applies to a 
ipeat extent to external flues, where the tendency of the soot 
to adhere to and accumulate upon the plates increases with the 
Jaogth of flue and sluggishness of draught. In multitubular 
Jmileini with chimney draught the ratio of the length to the 
^diameter of tube should not exceed 24 : 1. In locomotives it 
auty be made as much as 120 : 1. The reduction of the 
diameter of the tubes is limited by the area of the flue way it is 
jMind necessary to maintain, which will greatly depend upon the 
itrength of the draught. In multitubular boilers with chimney 
dnoght the ratio of total tube area to grate area should be 
■boat 1:7. In locomotives the proportion of the collective 
aeotional area of tubes to grate area is usually about 1 : 4. 
With a constant proportion of grate area and flue way, the grate 
U zedaced to one-half by doubling the quantity of tubes of a 
gmn length, and still maintaining the same quantity of heating 
■nrfiMse in them. As twice the quantity of fuel should be burnt 
on this reduced area to maintain the same efficiency, it follows 
that four times the quantity of fuel is to be burnt per hour per 
■qoare foot of grate. The practical impossibility of exceeding a 
certain rate of combustion should restrict the redaction of the 
diameter of the tubes. With a given length of boiler the reduc- 
tion of the diameter of tubes is limited by the ratio of diameter 
afid length of tube it is advisable to adhere to. At the Wigan 
ooal trials in 1868 the effect was tried of dispensing with the 
external flues of a Lancashire and Galloway boiler, the gases 
being allowed to pass directly from the internal flues to the 
ehimney. The result was a slight falling off in economy, or 
in pounds of water evaporated per pouul oi eo«\ \ \svs}^ ^«r^ 
aaufy^ the same quantity of water was evaporo^A^ «a ^\kSii ^^^ 
nude the circuit of the external fluea, asi^ ^awafcQjji^B?^^ 
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traversed a much larger extent of heating Ri^aoe. It was 
found that the Galloway boiler was not superior in evapon 
power or economy to the ordinary Lancashire boiler, althouj 
possesses a greater extent of effective heating surface, and 
that the difference between the evaporative effect of iron 
steel flues in a Lancashire boiler was not appreciable. Ii 
these cases a high rate of evaporative efficiency was maintai 
being above 9 lb. of water from 100° per lb. of coal ; but 
there been a considerably larger consumption of coal per 1 
giving a higher temperature to the escaping gases, the r 
would have been more decidedly in favour of the larger hei 
surface of the Galloway boiler, and of both boilers with czti 
flues, as compared with the results without them. 

There are cases, however, of boilers having two int 
furnaces, with combustion chambers, and a number of { 
tubes at back end, which, notwithstanding their greater hej 
surface, cannot be n^ade to generate steam as rapidly c 
economicAlly as boilerH of the simple Lancashire type wo] 
alongside of them, and having the same external length 
diameter, tha same grate area, chimney, and desoriptio 
external flues, and other conditions. This unlooked-for r 
can only be ascribed to the decrease of draught and the incn 
quantity of incrustation and soot caused by the more 
plicated arrangement of flue way. With a cleaner fuel 
purer water it is not improbable that the results woul 
reversed. 

There are numerous cases where the additional surfac 
conical and other water tubes is rendered almost useless b; 
amount of incrustation formed in them. The incrust 
accumulates more rapidly inside these small tubes than oi 
convex surface of the main tubes they are placed in, io 
of the circulation, chiefly owing to the greater difficulty f 
in removing the incrustation as it forms, caused by its 
cessibility. Greater pains should therefore be bestowe 
cleaning out these water tube boilers in order to maintain 
efficiency. It may be gathered from these last considera 
that the evaporative result obt-aiued from a new boiler 
afford no guide to the value of the same boiler after it has 
in use some time. 

The comparative amount of hard incrustation is geners 

pretty sure index of the vaVn© oi \i>aft ^vfia.\A.\i^ wwcGajo© on wh 

is found. Where the eWWitVon \ft ^^laX^^H.^^^ ^Tawoi^. ^^ 

and tenacious scale will be leeafe- '^\^> V^^«^«t, e^^ t^. 
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HAere'the boiling off of the deposit is impeded by ntays or other 
les, such as are found on the crown of some locomotive 
'boxes, or iu the midst of a nest of closely packed small 
ibos. In some cases where the boiler is not carefully cleaned, 
line which marks the limit of the greatest ebullition over the 
»8 of externally fired and internally flued boilars, and in 
water tubes, may be found pretty sharply defined by the 
iation in the thickness of incrustation, especially where the 
ilation is defective. The change in the colour of the iucrus- 
Ciused by the heat when the furnace plates have been 
lentally left bare of water, with a gooi tire underneath, some- 
reveals the fact that the intense heat over the fire, both 
the radiation of the incandescent fuel and the impinging 
Lee, is much greater than the heat imparted by the flame 
The buckling of the plates caused by overheating under 
circumstances is usually confined to the crown in front 
or above the bridge, and is also an indication of the greater 
insity oi the heat at this part. 

The most satisfactory method of determining the efficiency 
any heating surface is that given by Professor Eankine, which 
u follows : — 

1" S + AF 

"Where E' =: the available evaporative power, and E = the 
theoretical evaporative power of 1 lb. of a given kiud of fuel iu 
•Q ordinary boiler in which S = the total area of heating 
nrface, including feed water healer, if any ; F ^ the number 
of pounds of fuel burnt por hour. A and B are two constants 
Unmd by experience ; A is probably approximately proportionate 
io the square of the quantity of air supplied per lb. of fuel. 
B is a fractional multiplier to allow for miscellaneous losses of 
heat, which, for chimney draught, is here taken at 20 per cent. 

4 

For boilers with chimney draught B = — A = '5 

19 
„ „ „ forced „ B = — A = -3 

The following are examples of efficiency ioT d\Set«ii\» ^x^^w- 
Uoas of boilera and rates of combustion, mlVi cJiMOins^ ^x»^^:sgKs^. 
Uealated hy means of this formula : — - 
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The third and fourth columna give the nvsr^e rate of erapo- 
ratiun of boilers in vne, the total heat from 1 lb. of coftl h^ 
taken at 14 lbs. of water evaparated from 212°. With ft clam 
boiler, good coal, skilful Griug, and intioduciug the feed waUi 
at a high temperature, the quantities in column fonr maj ba 
iiicreaxecl hy from 10 to 30 per ceut ; and on the Other hand, 
with a dirty boiler aud uuskilful atteudaoce thef may b« 
iiiiiiiiiiBhi;d fiom 65 to 20 ptr cent., which is too frequently the 
caMe.nud often cnuiwsinuchdisappuiiitment. With the best desctip- 
liuiisof feed water beaten, or economiaeTH, which ntilitiethe hest 
from the escaping |;a>ies on tbeir way to the chimney, and hate 
their surface at light angles to the direction of the draught 
kept cli:ar by means of self-acting scrapers, the feed may at 
tiiiiefi be raised to a temperature of 260°, or even more, iriih > 
<joii'e»pondiug saving in fuel The area of these eoonomiacn 
Hhould be considered in estimating the efficiency of the total 
heating surface of the boiler. 

The plan sometimes adopted of pWing an old boiler or tank 
in the flue between the end of the boilers and chimney to serve i 
a.-i a feed water heatur, is ottaa ittauded with very uusatisfactoty i 
roBu\t*, owing to the aWjibiiiR aot^maa \w«»\ivaj%'iiMSii^ tnAA 
t)ier nitt soot whea MQoVy coa.\« ' "" ""■" 
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I feed-warmers heating the water to about 212° for tlie 
w days after being set to work ; but their efficiency 
ly falls off, and sometimes at the end of a fortnight they 
ble to raiue the temperature of the water they contain 
100°, simply owing to the thick non-conducting coating 
they receive. 

e are many Corni»h and LancaKhire boilers, where due 
n is not paid to cleaning the flues, working for months 
r with an inch or more of soot on the bottom plates in 
ernal flues, and with a large quantity of flue deposit in 
rnal tubes, varying in thickness from that limited by 
;ht of the bridge to 6" or 9" at the back end. In fact, 
sd state of affairs is not much better than this after 
; a few weeks with ordinary descriptions of semi-bit u- 
coal, and a great part of the heating surface is rendered 
in consequence. 
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is promoted by well arranged water tubes, they have evapoiated 
8 lbs. of water from 60° per 1 lb. of oosJ, and 1 cubic foot o! j 
water per hour from 16 square feet of heating surface, and may 
be reckoned at 8 square feet per H. P. ; but 10 or 12 sqoaie 
feet per H. P. are more commonly required. I 

In locomotive boilers with forced draught, and the ratio of j 
heating surface to grate area between 60 : 1 and 80 : 1, an ". 
average of 3 square feet of total heating surface per indicated 
H. P. may be taken as an approximation. As we have already j 
said, the quality of fuel, rate of combustion, skill of stoker, j 
arrangement of furnace, and condition of boiler, will materially i 
influence these quantities. 

Suppose we require the size of a Cornish boiler to supply 
steam to an engine having a cylinder 16" diameter and 24" '■ 
stroke, making 60 revolutions a minute, cutting off at ODe 
quarter stroke, and working at 60 lbs. pressure. Now, without 
taking into account the difference of pressure in the boiler and 
in the cylinder, we shall have the quantity of steam required 
per hour thus : — 16^ x '7854 X '25 X 24 x 2 X 60 X 60 
- 6026 cubic feet. This quantity should be increased by at 
least 25 per cent., to allow for loss of steam in porta, clearance 
of piston, escape at safety valve, and other waste, as well as to 
allow some margin . of power ; we shall therefore have 6282 
cubic feet as the quantity of steam to be evaporated per hour. 
Ill table at page 803 we find that at 60 ^s. pressure 1 cubie 
foot of steam is 353 times more bulky than the water from 
which it is raised, whence the above quantity of steam is 
equivalent to 17| cubic feet, or 1106 lbs., of water evaporated at 
60 tbs. pressure per hour. 

The usual rate of combustion in Cornish boilers is about 12 lbs. 
of coal per square foot of grate area ; and taking the evapora- 
tion at 7 -25 lbs. from 60** per lb. of coal, we get 12 x 7 '25 
z= 87 lbs. of water evaporated per square foot of grate per hour, 
and 1106 -i- 87 = 12| square feet of grate, the area required. 
Fixing the maximum length at 5 feet, the width will be 2' 7', 
which will require a tube of about 2' 9" diameter. Allowing 
6 inches for bottom water space, and 2' 3^* from furnace crown 
to shell crown, we have a boiler 5' 6" diameter ; and taking the 
length at four times the diameter, we shall have 22 feet as the 
length. 

Had the area of firegrate xec\vv\tcyd. V^e^Ti ahout 20 square feet, 
it wouJd have been advisaVA^ V.o YvbdlyV. >C!afe Vs^^sSb. ^\ ^c^k^Xi^ 
4 /eet, and to make a Laucaa\aift V>t\« 1 1^^^. ^^aM^s^«sL ^ ^ 
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feet loDg, liaviiig two 2' 9" tubes, insteacl of makiog the grate 
6' 0' X 3' 4", and xmiDg a Cornish boiler 6' 0" diameter, with 
ft 3' 6^* furnace tuba 

Many test» have been undertaken to ascertain the evaporative 
power of different classes of boilers in actual work ; but few of 
these are of any value, owinfi^ to the unreliable means usually 
emidoyed to measure the quantity of water evaporated. The 
entest method, and consequently the one most frequently 
tdogftedf is to measure the quantity by the ditference of its 
.luii^ht in the water-gauge glass at the beginning and end of the 
triftl, and also at intermediate staget*. This method is very 
nde and uncertain, since there can be little doubt that iu many 
boilers at work the surface of the water is not level, but Ik 
voally higher over the furnace, or where the greatest ebullition 
ooeors. The difference in height at any moment will greatly 
depend upon the intensity of the ebullition which is ever vary- 
iig duiiug the intervals between firing. With mechanical firing 
the difference of height is probably reduced to a minimum. 

The meters employed for meiisuriug the water are sometimes 
not trustworthy. The only sure method of ascertaining the 
qaantity of water evaporated is by actual measurement with a 
etstem or vessel, whose cubic contents are accurately known. 
The quantity of water in the boiler before and after the trial 
ihould be measured at the same temperature, which should not 
exceed 212^ to ensure accuracy. But even when the amount 
of water introduced and the quantity passed off from the boiler 
ii accurately ascertainedy there yet remains a doubt as to how 
moch has been actually evaporated, and how much may have 
passed off in primiug, unless the trial has been conducted with 
the boiler open to the atmoophere, which appears to be the only 
condition under which aoLuracy can be ensured, unless a suitable 
apparatus can be provided for accurately measuring the weight 
and temperature of all the steam and water given off when the 
boiler is working above atmospheric pressure. 

There are very few boilers that do not prime more or less, 
aiid the quantity of water pas>ed off in this manner is sometimes 
Very considerable, and has led to the impossible results of 
Itt and 17 lbs. of water evaporated per lb. uf ordinary coal iu 
locomotive and water tube boilers being seriously recorded. Ex- 
terually fired boilers that have given the moderate result of 5 lbs. 
of water per lb. of coal at atmospheric vreB»vxx4d) Vivi^ ^<:^^vv 
the nuexpeeted result of 10 and 12 lbs. of ^aVAiX «^«b^\«^^^ 
40 lbs, ynxstm. Iu fact, uulefeH iha amount ol ^«Xax ^^saKA^^ 
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over with the steam by priniing, when working under pre 
can be accurately ascertained, the evaporative results are i 
be relied upon, however carefully in other respects the tria 
have been conducted. 

It is customary to give the quantity of water evaporated 
a temperature of 212°, to which the results of evaporatio 
usually reduced. 

The quantity corresponding to any temperature of feed 
aud working pressure can readily be found with the aid ( 
annexed table, taken from the ^^ Encydopsedia Britan 
wherein are presented the relations of the properties of s 
as now accepted by the best authorities : — 
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1229 


21 


63 


230-6 


1183-7 


-0531 


1174 


29. 


7-3 


2:^3-1 


1184-5 


•0665 


1123 


23 


8-3 


235-5 


1185-2 


-0580 


1076 




24 


9-3 


237-8 


1185-9 


•0601 


1036 




25 


10-3 


240-1 


1186-6 


•0625 


996 




26 


11-3 


242 3 


llb7-3 


•0660 


958 




27 


12 3 


-J44-4 


1187-8 


-0673 


926 




28 


13-3 


246-4 


1188-4 


•0696 


895 




29 


14-3 


248-4 


1189-1 


•0719 


866 




SO 


16-3 


250-4 


1189-8 


•0743 


838 




31 


16-3 


25-2-2 


1190-4 


•0766 


M3 




32 


17-3 


2541 


1190-9 


-07^9 


7fe9 ' 


33 


18-3 


256-9 


1191-5 


•0812 


767 


34 


19.8 


267-6 


1192-0 


•0.H36 


746 




35 


20-3 


259-3 


1192-6 


•0858 


726 




36 


21-3 


260-9 


1193-0 


•0881 


707 




37 


22-3 


2(52-6 


1193-5 


•0906 


688 




33 


23-3 


264-2 


1194-0 


•0929 


671 




39 

40 / 


24-3 


266 8 


l\94-5 


\ -^.^Vi. 


\ <^V^ \ 


. 25-3 / 


267-3 


1194-\) 

1 


\ -Q^1\ 
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Propertiea of Saturated Steam, 









1 




Relative 


< Total pres- 
i sure per 


PrcMure 
above atmo- 
sphere. 


Sensible 


Total heat in Weight of 


volume of 
Bteam com- 


Hquare inch 
measured 


temperature 
in Fahren- 


d^freesfrom. oi 
sere of i 


ie cubic 
foot of 


pared with 

VVOT.AV* TfYlYlD 


from a 


heit de^H'ees. 


Fahrenheit. c 


iteam. 


WcMmM ixviu • 

which it was 


' vacuum. 










raised. 

! 


41 


2^-3 


268-7 


1196-4 


0996 


6*25 


42 


27-3 


270-2 


1196-8 


•1020 


611 , 


43 


28-3 


271-6 


1196-2 


-1042 


698 


44 


29-3 


278-0 


1196-6 


•1065 


585 


45 


30-3 


274-4 


1197-1 


•1089 


57-2 


46 


31-3 


276-8 


1197-5 


•1111 


561 ; 


47 


32-3 


277 1 


1197-9 


1138 


550 


43 


33-3 


278-4 


1198-3 


•1156 


589 


49 


34-3 


279-7 


1198-7 


•1179 


529 


50 


35-3 


281-0 


1199-1 


1202 


518 


51 


86-8 


282-8 • 


1199-5 


•1224 


509 ' 


52 


37 3 


283-5 


1199-9 


•1*246 


500 ! 


53 


38-3 


284-7 


1200-3 


•1269 


491 i 


54 


39-3 


286-9 


1200-6 


•1291 


4S2 i 


55 


40-3 


287-1 


1201 


•1314 


474 i 


56 


1 41-3 


288-2 


1201-8 


•1336 


466 ; 


57 


; 42-3 


289-3 


1201-7 


•1364 


458 


58 


i 43-3 


290-4 


1202-0 


1380 


451 


59 


' 443 


291-6 


1202-4 


•1403 


444 


60 


45 3 


292-7 


1202-7 


-1425 


437 ; 


61 


i 46-3 


293-8 


1203-1 


•1447 


430 , 


62 


1 47-3 


294-8 


1203-4 


1469 


424 


63 


48-3 


295-9 


1203-7 


•1498 


417 


64 


' 49-3 


'J 96-9 


1204-0 


•1516 


411 


i 65 


50-3 


298-0 


1204-3 


•1538 


405 


66 


51-3 


299-0 


1204-6 


•1560 


399 


67 


52-3 


800-0 


1204-9 


•1583 


893 


6S 


; 53-3 


300-9 


1206-2 


•1605 


388 


69 


54-3 


801-9 


1205.6 


•1627 


883 


70 


65-3 


302-9 


1205-8 


•1648 


878 


71 


56-8 


303-9 


1206-1 


•1670 


373 


72 


1 57-3 


304-8 


1206-8 


1692 


868 


73 


i 68-3 


805-7 


1*206-6 


1714 


363 


74 


69-3 


306-6 


1206-9 


•1736 


359 


75 


60-3 


307-5 


1-207-2 


•1769 


353 


76 


61-3 


308-4 


1207-4 


•1782 


849 


1 77 


62-3 


309-3 


1*207-7 


•1804 


345 


78 


«)3-3 


810-2 


1208-0 


•1826 


341 


79 


64-3 


au-1 


, 1-208-3 


•1848 


887 


80 


65-3 


\ ZYl'^ 


\ Vl^'*.*?> \ 


'^V^^'«^ 


V ^-^ 


; 8J 


66-8 


\ ZVl^ 


\ \*ift\J»-% \ 


-^V^^X 


\. -ias4 



BOILEB POWER. 



306 



Properties of 8atv/rated Steam, 



Total pres- 
sure per 
iqaitfeinch 
measured 
from a 


Pressure 
above atmo- 
sphere. 


Sensible 
temperature 
in Fahren- 
heit deg^es. 


Total heat in 
degrees from 

j5«ro of 
Fahrenheit. 


Weight of 

one cubic 

foot of 

steam. 


Relative 
volume of 
steam com- 
pared ^ith 
water from 
which it was 




?aeuimi. 

1 

1 




313-6 




-1913 


raised. 




1 

: 82 


67-3 


1209-1 


326 




83 


68-3 


314-0 


1209-4 


•1935 


321 




84 


69-3 


315-3 


1209-6 


-1957 


318 




85 


70-3 


316-1 


1209-9 


-1980 


314 




; 86 


71-3 


316-9 


1210-1 


-2002 


311 


87 


72-3 


317-8 


1210-4 


-2024 


308 




1 »^ 


73-3 


318-6 


1210-6 


.2044 


305 




1 89 


74-3 


319.4 


1210-9 


-2067 


301 




1 90 


75-3 


320-2 


1211-1 


-2089 


298 


91 


76-3 


321-0 


1211 3 


-2111 


295 


'■ 92 


77-3 


321-7 


1211-6 


-2133 


292 


, 93 


78-3 


322-6 


*1211-8 


.2155 


289 




94 


79-3 


323-3 


1212-0 


-2176 


286 




95 


80-3 


324-1 


1212-3 


-2198 


283 




' 96 


81-3 


324-8 


1212-5 


-2219 


281 




; 97 


82-3 


325-6 


1212-8 


•2241. 


278 




j 98 


83-3 


326-3 


1213-0 


•2263 


275 




•99 


84-3 


327 1 


1213-2 


•2286 


272 




100 


85-3 


327-9 


1213-4 


•2307 


270 




101 


86-3 


328-5 


1213-6 


•2329 


267 




102 


87-3 


329-1 


1113-8 


•2351 


265 




j 103 


88-3 


329-9 


12140 


•2373 


262 




104 


89-3 


330-6 


1214-2 


•2393 


260 i 


; 105 


90-3 


331-3 


1214-4 


•2414 


257 i 


;' 106 


91-3 


331-9 


1214-6 


-2435 


255 


' 107 


92-3 


332-6 


1214-8 


•2466 


253 ' 


108 


- 93-3 


333-3 


1215-0 


•2477 


251 


109 


94-3 


334-0 


1215-3 


•2499 


249 


110 


95-3 


334-6 


1215-5 


•2521 


247 


111 


96-3 


335-3 


1215 -7 


•2543 


245 


112 


97-3 


336-0 


1215-9 


•2564 


243 


113 


98-3 


336-7 


1216-1 


•2586 


241 ■ 


114 


99-3 


337-4 


1216-3 


•26o7 


239 


115 


100-3 


338-0 


1216-5 


•2b28 


237 


116 


101-3 


338-6 


1216-7 


•2649 


235 


117 


102-3 


339-3 


1216-9 


•2674 


233 


118 


103 3 


339-9 


1-217-1 


•2696 


231 


119 


104-3 


340-6 


1217-3 


•2738 


229 1 


120 


l(.5-3 


341-1 


1217-4 


•2759 


227 


121 


106-3 


841-8 


1-217 -6 


••ilEQ 


V *L^^ 


l'J2 1 

1 


107-3 1 

1 
1 


342 4 


1217 & 


\ •^^Qi'V 


\ *SIX ' 
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ProperHes of SaUirated Steam, 



1 

1 

1 

1 

1 


TotAl pres- 
sure per 
square inch 
measurod 
fruTfi a 
vacuum. 


Pressure 
above atmo- 
sphere. 


Sensible 
temperature 
in Fahren- 
heit degrees. 


Total heat in 
degrees from 

aero of 
Fahrenheit 


Weight of 

one cubic 

foot of 

steam. 


1 1 

Relative 
volume of 
steam com- 
pared with 
water from 
which it was 
raised. 




123 


108-3 


343-0 


1218-0 


•28-22 


222 




124 


109-3 


343-6 


1218-2 


-2846 


221 




125 


110-3 


344-2 


1218-4 


-2867 


219 




126 


111-3 


844-8 


1218-6 


. -2889 


217 




127 


112-3 


345-4 


1218-8 


•2911 


215 




128 


113-3 


346-0 


1218-9 


•2933 


214 




129 


114-3 


346-6 


1219-1 


-2955 


212 




130 


115-3 


347-2 


1219-3 


-2977 


211 




]31 


116-3 


347-8 


1219-6 


-2999 


209 




132 


117-3 


348-3 


1219-6 


-3020 


208 




133 


118-3 


348-9 


1219-8 


-3040 


206 




134 


119-3 


349-5 • 


1220-0 


•3060 


205 




135 


120-3 


350-1 


1220-2 


•3080 


203 




136 


121-3 


350-6 


1220.-3 


•8101 


202 




137 


122-3 


351-2 


1220-6 


-3121 


200 




138 


123-3 


S51-8 


1220-7 


•3142 


199 




139 


124-3 


352-4 


1220-9 


•3162 


198 




UO 


125-3 


352-9 


1221-0 


•yi84 


197 




141 


126-8 


353-6 


1221 2 


•8206 


195 




142 


127-3 


364-0 


1221-4 


•8228 


194 




143 


128-8 


354-5 


1221-6 


•8250 


193 




144 


1-Z9-3 


365-0 


1221-7 


•3273 


192 




145 


130 3 


355-6 


1221-9 


-3294 


190 




146 


131-3 


356-1 


1222 


-3315 


189 




147 


132-3 


366-7 


1-222-2 


•3336 


188 




148 


133-3 


357-2 


1222-3 


•3357 


187 




149 


134-3 


857-8 


1222-5 


•3377 


186 




150 


135-3 


358 3 


1222-7 


-3397' 


184 




155 


140-3 


361-0 


1228-6 


-3600 


179 




160 


145-3 


363-4 


1224-2 


.-3607 


174 




165 


15(»-3 


3<6-0 


1224-9 


-3714 


169 




170 


155-3 


368-2 


1 225 -7 


-8821 


164 




175 


160-3 


370-8 


1226-4 


•3928 


159 




180 


165-3 


372-9 


12-^7-1 


.4036 


155 




185 


170-3 


375-3 


1227-8 


•4142 


151 




190 


175-3 


377-5 


1228-5 


•4250 


148 




195 


180-3 


379.7 


1-229-2 


•4367 


144 




200 


185-3 


381-7 


1229-8 


-4464 


141 


1 210 


195-3 


386-0 


1231-1 


•4668 


135 


/ 2-JO 


205.3 


1 


I YLVl'% 


. -4872 


129 


1 

L 


2iO \ 


215-3 


\ I'ia^-^ 


\ -^^n^ 


\ va 
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Properties of Satvo'ated Steam. 













Relative 


pres- 
per 
J inch 
ured 
n a 


Pressure 
above atmo- 
sphere. 


Sensible 
temperature 
in Fahren- 
heit degrees. 


Total heat in 
degrees from 

zero of 
Fahrenheit. 


Weight of 

one cubic 

foot of 

steam. 


volume of 
steam com- 
pared with 
water from 
which it was 


um. 










raised. 


[0 


22.5-3 


397-5 


1-234 -6 


•5270 


119 


)0 


235-3 


401-1 


1235-7 


•5471 


114 . 


10 


245-3 


404-5 


1236-8 


-5670 


110 





255-3 


407-9 


1237-8 


-5871 


106 


10 


265 3 


411-2 


1238-8 


•6070 


102 


>0 


275-8 


414-4 


1239-8 


•6268 


99 


10 


285-3 


417-5 


1240-7 


•6469 


96 



re we see that at 212° the total quantity of heat in the steam 
78° -1, which gives a difference of 966° '1. This heat, 
[y termed latent, is absorbed in performing the work of 
iding the particles of water from the solid to the gaseous 

Now, suppose the water is evaporated at 60 lbs. pressure, 
earn will have a temperature of 307°, and a total heat of 
\ If the feed has been introduced at 60% it is evident 
1147° of heat have been imparted. As the amount 
rated is inversely proportional to the quantity of heat 
•ed, we have 1147 ^ 966 = 1'2. Multiplying by this 
, the quantity evaporated at 60 lbs. pressure from 60°, 
tain the amount that would be evaporated at 212° by the 
quantity of fuel. 

the same table can be ascertained the comparatively small 
«e of heat required to evaporate water at higher pressures. 
)se we take water evaporated at 45 lbs. pressure from a 
temperature of 60°, then each lb. of water will require 
7 — 60 = 1142*7° for its conversion into steam. If we 
the pressure at 100 lbs. we shall have 1216 9 — 60 = 
•9° as the quantity required. The difference between these 
>tal quantities is only 14-2°, and is so small as to be scarcely 

considering. Leaving out of account the loss due to the 

reduction of the conducting power of the material, the 
sed amount of heat required for the higher pressure will 
ily ^^ of the total heat required afc 60 Ih^ W\t\\. ^\!l 
^tion of T lbs, of water from 1 \b. oi co«\, SX. ^«^ \sRk <^vir 
bjr uaiug j J^ more fuel, or abovvt l\>a. Vti «)oo\i\» ^\<s^V.» 
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a quantity not appreciable in the ordinary modes of weighing 
coaL The economy is then manifest of using steam of high 
pressure, when at the same time advantage is taken of^the 
facilities it offers for working expansively in the cylinder. 

The saving that may be effected by heating the feed water 
may be shown as follows : — If we take the normal temperature 
of the feed water at 60^, the temperature of the heated water at 
212°, and the boiler pressure at 20 H)s., the total heat imparted 
to the steam in one case is 1192°-6 —60°= 1132''-5, and 
in the other case 1192*5 — 212 = 980°-0, the difference bebg 
152®, or a saving of ^ri^'S = 13*4 per cent. 

If the pregsure be taken at 120 lbs. instead of 20 lbs. the 
saving will be 13*1 per cent., showing a slight diminution in the 
economy effected by heating the water when a high pressure in 
the boiler is employed. 

The loss from blowing off when fresh water is used may be 
found as follows. Supposing the ratio of the quantity of water 
evaporated to that blown out is 10 : 1, we have with a pressure 
of 20 lbs. and a feed temperature of 100' — 

Evaporated 10 (1192° 5 — 100°) = 10925 heat units 
Blown out 1(259*3 —100°)= 159 3 „ „ 

Total = 11084*3 „ „ 



showing a loss of only 1 *4 per cent, of the total heat imparted. 
With a pressure of 100 lbs. we should have a correspondiug 
loss of 2 per cent. 

The etil'ect of the presence in a liquid of any substance in 
solution is to resist ebullition, and to raise the boiling point 
Iti ordinary fresh water the slight increase in the elevation of i 
temperature, due to the presence of salts in solution, is generaUy 
disregarded ; but in salt water, partially saturated, the increase 
is of some practical importance. The boiling point of saturated 
brine is 226°, and that of weaker brine is higher than the boiling 
point of pure water by 1°*2 for each -^., of salt the water con- 
tain s. The quantity contained by average sea water is usually 
taken as -^^j. The loss of heat by blowing out when salt water 
is used can easily be calculated for any pressure and degree of 
Haltness. Assuming the temperature of the feed water to be 
105% at a pressure of 20'&)s.)axid a saltness of -^^^ the tern- 
per&ture of the water in t\ie \>oT\«t -w^ \i^ *l^■^L *i^K5ask ^T»r 
bpouding total heat of the Bt«am\>««i%^^^V'^^«5A»^5QA^55^«sl:^ 
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of water to be blowu out is equal to the quantity evaporateil. 
We have then : — 

For evaporation 1 (1194^-9 — 106°) = 1089*9 heat unit*, 
blown out 1 ( 261-7 — 1 05 ) = 1567 

Total =~T2i6 -6 „ 
Oonaequently the heat lost by blowing out is y^-J/^ or 12.6 per 
eeni of the total heat imparted. 

In the same maimer it will be found for a degree of satura- 
tion of 3^, when the quantity of water to be blown out will be 
*5 the quantity evaporated, that the loss of heat by blowing off 
will be only 6*7 per cent, of the total heat imparted. 



9) )) 

>9 



CHAPTER XVII. 

BURSTING AND COLLAPSING PRESSURES OF CYLINDERS. 



Bursting Pressure. 

The following table of the strength of cylindrical shells to 
resist internal bursting pressure in a direction parallel to their 
axis is calculated by this approximate formula — 



P = 



T X c 



where P 

T 

D 

c 



bursting pressure in lbs. per square inch, 
thickness of cylinder in sixteenths, 
diameter of shell in quarter feet, 
a constant, being, 

1097 for single riveting ) , . 

1372 for double riveting J ^ 

1723 for single riveting \ . 
2156 for double riveting j 



iron. 






^ PQ 



o 

QQ 



O 9 
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Collapsing Pressures. 

The followiDg tables give the strength of tubes of perfectly 
drcular form, or not more than about the thickness of plate 
from the true circle. As the shape of long tubes, especially 
when of large diameter, is very irregular, and liable to undergo 
a gradual change, from the heat being applied chiefly at the 
Grown, and from the resistance to expansion caused by rigidity 
in the end plates, to say nothing of the sudden distortion 
likely to arise from incrustation and the use of thick or greasy 
water, a large factor of safety should be allowed for the 
bbwiog-off pressure of the boiler. This should in no case be 
leas than 4, and in new boilers, in which the pressure is so 
often after a time increased, a factor of not less than 6 should 
always be allowed. 

The tables are calculated by this approximate formula — 

p _ 262-4 X T2 



L X D 

P == collapsing pressure in lbs. per square inch, 

T = thickness of tube in thircy-seconds, 

L = length in feet, 

D =: diameter in quarter feet. 
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boilers, 11 
deal tabes, 18 
itive power of boilers, 273, 
293, 299 
— of tubes, 289, 
291 
don and contraction, effects of, 
36, 40, 92, 203, 204, 
206, 230. 236 
sudden, for removing 
scale, 184 
of tubes in Cornish boilers, 

193 
of long boilers, 209 
lents on strength of copper, 31 

— iron, 38, 43, 
75 

— tubes, 14 

— spheres, 13 

— steel plates, 
47,48 

— steel riveted 
work, 50 

, — welded steel 
bars, 52 

— welded iron 
plates, 86, 
87 

— rivets, 56 

— riveted work, 
69, 71, 73 • 

— panched&dril- 
led plates, 
68 



Experiments on strength of screwed 
bars, 93 

— in exploding boilers, 

239, 241 

— with steam coals, 200 

— evaporative power of flat 

surfaces and tubes, 
274, 284 
Explosions of sectional boilers, 6 

— caused by injudicious re- 

pairs, 210 

— caused by overpressure, 

226 

— caused by internal dynamic 

force, 232 

— caused by ignition of gases 

in flues, 233 

— simultaneous, 233 

— investigation of, 237 

— electricity as a cause of, 

239 

— superheating theory, 240 

— by overheating, 241 

— spheroidal theory, 242 

F. 

Factor of safety, 213 

Fairbairn on elongation of iron bars, 9 

— strength of wrought iron 

tubes, 14 

— strength of wrought iron 

at high temperatures, 
43 

— strength of single and 

double riveted joints, 
69, 71 

— strength of iron and cop- 

per stay bolts, 100 
Faraday, analysis of sea water, 161 
Famley plates, 33 

Feed admission, best position for, 115, 

117, 205 

— — through blow-out ap- 

paratus, 170 

— delivery pipes, 116, 205 

— temperature of, 118, 308 

— heaters, 118, 166, 308 

— pipes, furring up of, 119, 163 
Fibrous iron, 39, 41 

Firebox staying, 99, 104 
Field* a tuW, ^ 

Fireboxes, 1^, %% ^^. ^^> "^"^^ ^^^^ 
104,115 
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Fireboxes, fractures in, 211 
Firebars, 162 

— wrought and cast iron, 164 

— hollow, 164 

— expansion of, 163 
Fire doors, 151 
Firegrate, area, 293 

— inclined, 164 

— short and long, 271 
Firing, 267 

— forced, 255 
Flanging plates, 35 
Flash-flues, 166 
Flat ends of cylinders, 11, 22, 91, 98 

— staying, 23, 91 

Flat surfaces, strength of, 21, 22, 23 

— permanent set of, 22 

— for evaporation, 275 
Fletcher, L. E., experiments on boiler 

explosions, 241 

— information about ex- 

plosions, 243 
Floats, 139 
Flues, cramped, 156 

— external, 293 
Fractures in east iron, 27 

— appearance of in iron, 29, 

39, 42 

— in plates, 35, 78, 92, 116, 

206, 253, 281 
Franklin Institute, experiments, 31, 

"239 
French boiler, 5 
Furnace boilers, fractures in, 206, 

207, 210 
Furnace mouth piece, 150 

— fronts, 152 
Funiog, see Incrustration. 

— up of feed apparatus, 119 

— — blow out, 144 
Furrowing, see Grooving. 
Fusible plugs, 131 

— — should be frequently 

renewed, 133 

a 

Gadsby's tubes, 5 
Galloway boiler, 4, 194, 293 

— tubes. 111 
Oahanic action, 94, 183, 190 

Gauge, mercurial pressure, 13S 
— dial pressure, 135 
— water, 136 



Grate area, 291, 293 

Gray*8, J. Macfarlane, rule foi 

of steam, 126 
Grease in water leading to 
heating, 166, 242 

— and priming, 150 

— may retard ebullition a 

culation, 163 

— as affected by soda, 174 

— use of for preventmg in 

tion, 177 

— may cause corrosion, 18 
Grooving, 91, 92, 108 

— in locomotive boilers, 

— in vertical boilers, 11 

— in waggon and ha 

boilers, 195 

— in Cornish and Lau' 

boilers, 192, 210 
Gusset stays, 22, 97 

H. 

Handholes in vertical boilers, 1 
Haystack boiler, 8, 195 
Heating surfiice, covered witt 

166 

— — and evaporative] 

121 

— — efficiency of, 2 

— —- value of, 290 
High pressure steam, econoi 

using, 2, 307 
Hiller, H. , boiler explosions, 2 
Homogeneous metal, 44 
Hoops, strengthening for tubes, 
Hopkinson safety valve, 131 
Horse power of boilers, 298 
Hydraulic riveting, 56 
Hydraulic test, 217 
Hydrochloric acid in boilers, 16 



I. 

Incrustation on cast iron, 28 

— thickness of, 158 

— leads to overhe 

158, 229 

— interferes with exa 

turn, 169 
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L<m, oalcareonB, 160 
^- least in amount over fur- 

nace, 163 

— loss of heat due to, 164, 

287, 294 

— appearance ofi 167 

— means for presenting, 

168 

— preyented by blowing oflf, 

169 

— by chemical agents, 172 

' — by mechanical agents, 
177 

— by smearing boiler, 178 

— by improving circulation, 

180 

— prevented by surface 

condensation, 182 

— by manual labour, 183 

— by electric agents, 184 
geetors, check valves on, 114 

pressure in cylinders, 7, 213, 
810 

ly fired Boilers, see Cornish 
md Limcashire boilers, 
wrought, character of, 82 
— limit of elasticity, 214 



J. 

fairing strains, 40, 220, 234 

— effects 0^ 62 
Joints far boiler mountings, 112, 145 

K. 

XafB low-water safety-valve, 131 
Kirkaldy's experiments on wrought 

iron, 38 
'— remarks on fracture of 

iron, 40-42 

— experiments on steel 

riveted joints, 50 

— experiments on welded 

steel bars, 52 

— experiments on welded 

iron bars, 86 

— experiments on screwed 

bars, 93 
Ortiey^B experiments on strength of 
welded iron plates, 87 



nimtioB cfphttee, 36, 211, 230 



1 



Lancashire boilers, 4, 92, 107, 111 

— — flues 0^ 157, 293 

— — overhearing of fur«- 

naces in, 116 

— — expansion of tubes 

in, 193 

— — grooving in, 196 

— — setting of, 199 

— — external corrosion 

of, 204 

— — fractures in, 207 

— — testing of, 219 

— — heating surface of, 

276, 290, 297, 
293 

— — fire grates of, 271, 

154 

— — evaporative power 

of, 298 
Lap joints, 69, 73, 81 
Lap, defect of too much, 79 
— amount of; 82, 84, 85 
Leakage, 80, 91, 220, 223 

-r causes of, 202 
Lime, carbonate of, 160, 162 
— sulphate of, 160, 161 
Limit of elasticity, 214 
Locomotive boilers, 5, 90, 91, 116, 

. 117, 146, 204, 
211, 300 

— — fire boxes, 154 

— — heating surface 

of, 290, 291 
Longitudinal plating, weakness of, 

17, 72. 73, 89, 90 
Longridge, B. B., on explosions, 243 
Low moor plates, 33 
Low- water safety-valves, 131 

M. 

Machine riveting, 55 
Magnesia, carbonate o^ 160-162 

— chloride of, 168 
Manholes, defective, 144 

— covers, 113 

Martin, E. B., on explosions, 243 
Maynard, experiments on punched 

and drilled plates, 68 
Mechanical action as a cause of 

grooving, 197 
Mechanic&V a;2.%ii\A lot \it^'^%\^\w% \si.- 

CTustaUon^ VII 

Monk bxl^e -^\«Xft!S ^"^ 
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Mortar should not be aied for boiler 

settiug, 156, 198 
Madholes, 113, 145 
Multitubular boilers, 4, 277, 293 299 

— — setting 0^ 203 

0. 

Oval boilers, 10, 11 
Oval tubes, weakoess of, 18 
Overheating, caused by incrostation, 
158, 166, 211 

— caused by greasy water, 

179 

— accumulation of air. 228 

— canses o^ 228 

— indications of, 238 

— as a cause of explosions, 

241 
Overpressure, 231 

P. 

Peclet on incrustation, 165 

— on air admission, 270 

— on evaporation, 280, 286 
Pitch of rivets, 74, 79 

— tables of, 81, 82, 84 
Pitting of plates, 189 
Plates, iron, 32, 206 

— thick edge, 91 

— thick,. 69, 71, 84, 90, 281 
Plating, 89 
Potash for preventing incrustation, 

175 
Power, boiler, 298 

— evaporative, 273 

— horse, 298 
Pressure gauges, 133, 135 

— — position for fixing, 

136 

— initial blowing off, 120 
— - high, economy of using, 2, 307 

Priming, causes of and prevention, 
149, 150, 165, 173 

— loss of water caused l-y, 301 
Punching, effects of on steel plates, 47 

— effects on iron plates, 63, 64 
' — power required for, 65 

— induces corrosion, 191 



Q. 

Quality of iron plates, 38, 40, 64 
— • copper, 80 



R. 

Rankine, Prof., on strength 

surfaces, 22 
— on heating si 

283, 295 
Rastrick boilers, 5 
Rate of combustion, 272 
Reed, B. J., on punched steel ] 
48 
— on rlTeted work, i 

Rivet heads, 64, 62, 63, 188 
Rivets, form of, 53, 66 

— large, 81, 83 

— strength of, 55, 56, 68 

— pitch of, 74, 79, 82 
~ tables, 81, 82, 84 

Riveted steel plates, 50 

— joints, 63 
Riveting by machine, 55 

— . defective, 67 
Repairs, as affected by riveting, 

66 

Rupture of fire boxes, 104 
Russian iron, 33 

S. 

Sal-ammoniac, use of, 176 
Salt water, analysis, 161 

— blowing out, 171 
Safety valves, rule for area, 120 

— — lift 0^ 121 

— — effective opening oi 

— — disc, 121 

— — mitre, 122 

— — guides, 123 

— — lever, defects of, 1 

— — — rules for, 1: 

— — spring balance, 1 

130 

— — dead weight, 129 

— — Cowburn, 129 

— — inoperative, 130 

— — • low water, 131 

— — overloading, '231 

— — lock, 232 
Safety, factor of, 73, 89, 216 
Scale. See Incrustation. 
Sectional or segmental boilers, 3, 

159, 228, 278 
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's experiments on Bteel plates, 

iog strength of rivets, 56 

Aates, 32 

) preTention, 263 

■ing of iron, 40, 41 

use of for preventing incrnsta- 

tion, 172 
means for introducing, 172 
destractive to packing, &c. 174 
effect on plates, 174 
used to prevent corrosion, 174, 

192 
use of with greasy water, 176 
nse of may cause priming, 1 38, 

173 
caostic, 174, 175 
•salts, solubility of, 160 
ieal boilers, 3 
%, strength of, 19, 25 
ordshire plates, 32 
, 23 
Dg flat ends, 23, 91 

egg-ended boilers, 98, 236 
fire boxes, 104 
n domes and chambers, 147 

pipes, 29 

properties of, 303 

efflux of into atmosphere, 120 
lienson, experiments on evapo- 
tive power of tubes, 284 
. for boiler making, 45 
rivets, 51 
welding, 52 

corrosion of plates, 189, 190 
e boilers, 2 
Dgth of cylinders, transverse, 8 

- lonRitudinal, 7-11, 72, 73 
due to lap j'lints, 17) 72 

- collapsing, 13 

of flat surfaces, 21 

- of sphere, 19 

- of rivet iron, 55 

- of riveted joints, 58, 69, 71, 

173 

- tensile of cast iron, 25 

- — wrought iron, 38, 

43 

- — copper, 31 

— steel, 44, 46, 49 

- — steel joiDta, 50 

— BtajBf 99 

' kat of bjr punching, 64, 69, 
72 



Strengthening tubes, means for, 107 

— manholes, 145 

— domeholes, 150 
Stretching of wrought iron, 9, 42 
Surface condensation, 182 

T. 

Tables of diameter and pitch of rivets, 
81, 82. 84 

— properties of combustibles, 

245 

— composition of coal, 249 

— heat of combustion, 251 

— results of coal trials, 260 

— rates of combustion, 272 

— evaporative efficiency, 296 

— properties of steam, 

— bursting pressure of cylin- 

ders, 311 

— collapsing pressures of cy- 

linders, 314 
Tallow, use of, in boilei-s, 177 
Tannic acid for incrustation, 175 
Taps, water gauge, 138. 

— blow out, 142 

— best taper of, 142 

— gland and plug, defects of, 143 
Taylor Brothers' plates, 33 
Temperature, influence of, on strength, 

31, 43 
Tenacity of cast iron, 25 

— wrought iron, 9, 38 

— copper, 81 

— steel, 44, 46 

Test for boilers, hydraulic, 219 

— — objections to, 222 

— — duration of, 222 

— — steam, 218, 223 
Testing iron plates and rivets, 36 

— steel plates, 52 
Tie rods, 94 

Tightness, importance of, 80 
Treacherous character of cast iron, 25 

— — steel, 45 

Tubes, means for strengthening, 106 

— collapse of, 236 

— strength of, 14, 216, 313 

— steel, 49, 107 

— length of amidV, *2a% 

— ^sloxWoii oi, *i^^ 

— evapomtv?evo'w«t Ql,Y\^/iSi^^ 

— water, 4, \\^, ^^^ 
Tube-plaiea, \ea3t»%<B «X, "^^^ 
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Tttbulons boUers, 3, 27, 159, 228, 
278. 



U. 

Utiit boiler, 3, 27, 228 

Ure, Dr., analysis of sea water, 161 



Valves, feed back pressure, 113 
• — safety, 119 
— blow out, 141 
Vertical boiler, 5, 89, 90, 92, 202, 

299 

— — fire grates of, 154 

— — fractures in, 210 

— — grooving in, 196 
Vibration, effects of, 40, 62, 220, 234 
Voltaic aetion. See Gkilvanic action 



W. 

Wagon boiler, 3, 195 



Wash-out plugs, 146 
Waste pipes to safety 

— to blow 

143 
Water feed, nature of, 
choice of bolle 

— pockets, 111, 

— gauges, 136 

— spaces, 108, 1 

— tubes, 4, 110, 
Wear and tear due 

158 
Welded iron plates, 

— steel bars, 5 
Welsh coal, 248 
Williams on evapo 

tubes, 289 
Woolf boiler, 5 
Working of wrought 

— steel pla 
Wrought- iron plates, 

— charac 

— tenacil 



THE END. 



tKAOBURV, XG^tNV, fc CO., Y^A^t..^^, -'^W^^ 



London, A^rii^ 1873. 
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Humbers New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, Assoc. Inst. 
C.E., and M. Inst. M.E. Author of **Cast and Wrought Iron 
Bridge Construction," &c. &c. This work, it is expected, will con- 
tain about 50 Double Plates, and upwards of 300 pages of Text. 
Imp. 4to, half bound in morocco. \In the press. 

*^>* In accumulating information for this volume, the Author has 
been very liberally assisted by several professional friettds, who have 
made this department of engineering their special study. He has thus 
been in a position to prepare a work which, within the limits of Or 
single volume, will supply the reader with the most complete and 
reliable information upon all subjects, theoretical and practical, con- 
nected with water supply. Through the kindness of Messrs, Ander- 
son, Bateman, Hawksley, Homersham, Baldwin Latham, Lawson, 
Milne, Quick, Rawlinson, Simpson, and others, several works, con- 
structed and in course of construction, from the designs of these gentle- 
men, will be fully illustrated and described, 

AMONGST OTHER IMPORTANT SUBJECTS THE FOLLOWING WILL BE TREATED 

fN THE text: — 

Historical Sketch of the means that have been proposed and adopted for the Supply 
* Water. — Water and the Foreign Matter usually associated wiui it. — Rainfall and 
vaporation. — Springs and Subterranean Lakes. — Hydraulics. — The Selection of 
ites for Water Works. — Wells. — Reservoirs. — Filtration and Filter Beds. — Reservoir 
id Filter Bed Appendages. — Pumps and Appendages. — Pumping Machinery. — 
ulverts and Condiuts, Aqueducts, Syphons, &c. — Distribution of Water. — Water 
leters and general House Fittings. — Cost of Works for the Supply of Water. — Con- 
ant and Intermittent Supply. — Suggestions for preparing Plans, &c. &c., together 
ith a Description of the numerous Works illustrated, viz : — Aberdeen, Bideford^ 
yckermouth, Duhl'm, Glasgow, Loch Katrine, LweTvoo\,^?LtvOcv^"aX«t,■%.ss^t;•^^^aw^^ 
ttderland, and several others; with copies of t\ie ConVia.cX^TiTwrav'SLji -asA '^^^i.c&w- 
ion in each case. 
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Humbers Modern Engineering. First Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1863. Comprising Civil, Mechanical, Marine, HydrauBc, 
Railway, Bridge, and other Engineering Works, &c. By Wiixiam 
HUMBER, Assoc. Inst. C.E., &c Imp. 4to, with 36 Double 
Plates, drawn to a large scale, and Photographic Portrait of Johc 
Hawkshaw, C.E., F.R.S., &c Price 3/. 3^. half morocco. 

List of th& Plates, 

NAME AND DESCRIPTION. PLATES. NAME OF ENGINEER. 

Victoria Station and Roof— L. B.&S. C. Rail x to 8 Mr. R. Jacomb Hood, C.E 

Southport Pier 9 and 10 Mr. James Brunlees, C.E. 

Victoria Station and Roof— L. C. & D. & G.W. 

Railways xitoi5A Mr. John Fowler, C£. 

Roof of Cremome Music Hall •.. • 16 Mr. William Humber, C.E. . 

Bridge over G. N. Railway 17 Mr. Joseph Cubitt, CE, 

Roof of Station — Dutch Rhenish Railway .. 18 and 19 Mr. Euschedi, C.E. 

Bridge over the Thames— West London Ex- 
tension Railway so to 34 Mr. William Baker, CE. 

Armour Plates 25 Mr. James Chalmers, C.E. 

Suspension Bridge, Thames 26 to 29 Mr. Peter W. Bariow, C.E. 

The Allen Engine 30 Mr. G. T. Porter, H-E. 

Suspension Bndge, Avon 31 to 33 Mr. John Hawkshaw, CE. 

and W. H. Barlow, CE. 

Underground Railway 34 to 36 Mr. John Fowler, CE. 

With copious Descriptive Letterpress, Specifications, &c. 



" Handsomely lithographed and printed. It will find favour with many who desire 
to preserve in a permanent form copies of the plans and specifications prepared for the 
guidance of the contractors for many important engineering works." — Engineer. 

Humbers Modern Engineering. Second Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1864 ; with Photographic Portrait of Robert Stephenson. 
C. E. , M. P. , F. R. S. , &c Price 3/. 3^. half morocco. 

List of the Plates, 

NAMS AND DESCRIPTION. PLATES. NAMS OF SNGTNEER. 

Birkenhead Docks, Low Water Basin i to 15 Mr. G. F. Lyster, CE 

Charing Cross Station Roof — C. C. Railway. 16 to 18 Mr. Hawkshaw, C.E. 

Digswell Viaduct — Great Northern Railway. 19 Mr. J. Cubitt, C.E. 

Robbery Wood Viaduct— Great N. Railway. 20 Mr. J. Cubitt, CE* 

Iron Permanent Way 20» — — 

Clydach Viaduct — Merthyr, Tredegar, and 

Abergavenny Railway 21 Mr. Gardner, CE. 

Ebbw Viaduct ditto ditto ditto 22 Mr. Gardner, CE. 

College Wood Viaduct — Cornwall Railway . . «3 Mr. Brunei. 

Dublin Winter Palace Roof 24 to 26 Messrs. Ordish & Le Fenrr 

Bridge over the Thames— L. C. & D. Railw. 27 to 32 Mr. J. Cubitt, CE. 

Albert Harbour, Greenock 33 to 36 Messrs. Bdl & MiUcr. 

With copious Descriptive Letterpress, Specifications, Ac. 



* * A resumi of all the more interesting and important works lately comideted in Grt 
Britairr; and containing, as it does, carefully executed drawings, witn full w(»kii 
detail;*, will be found a valuable accessory lo t^e ■^To'l<s&vst!k.^x.\ar^,'' — Engifteer. 

" Mr. Hiimber has done the proCessvoxi «iod a»^ tna^ ?«r^cs^\ii^ "^1^^"^ ^^*^ 
orcA^ampIes he has here brought betote ^^ vtQ^^^"s^oTx «a.e^ \iift \pj^v^ — Ptoc 
Afec/ianics youmal. 
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Humberts Modern Engineering. Third Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1865. Imp. 4to, with 40 Double Plates, drawn to a large 
scale, and Photographic Portrait of J. R. M*Clean, Esq., late Pre- 
sident of the Institution of Civil Engineers. Price 3/. y. half 
morocco. 

List of Plates and Diagrams. 



Bridge over River Lea. 
Bridge over River Lea. 



MAIN DRAINAGE, METROPOLIS. 

North Side. 

Map showing Interception of Sewers. 
Middle Level Sewer. Sewer under Re- 

^nt's Canal. 
Middle Levd Sewer. Junction with Fleet 

Ditch. 
Outfidl Sewer. Bridge over River Lea. 

Eleiiation. 
Outfall Sawer. 

Details. 
Outfall Sewer. 

Details. 
Outfidl Sewer. Pric^e over Marsh Lane, 

North Wo«kwich. Railway, and Bow and 

Barking Railway Junction. 
Out&tt Sewer. Bridge over Bow and 

Baurkmg Railway. Elevation. 
Outfall Sewer. Bridge over Bow and 

Baikin|^ Railway. Details. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Details. 
Outfall Sewer. Bridge over East London 

Waterworks' Feeder. Elevation. 
OiitfaU Sewer. Bridge over East London 

Waterworks' Feeder. Details. 
Outfall Sewer. Reservoir. Plan. 
Oatfim Sewer. Reservoir. Section. 
Ont&ll Sewer. Tumbling Bay and Outlet 
OiUfedl Sewer. Penstocks. 

South Side. 
Outfall Sewer. Bermondsey Branch, 



Outfall Sewer. 
Outfall Sewer. 
Plan. 



Bermondsey Branch. 
Reser\'oir and Outlet 



MAIN DRAINAGE, METROPOLIS, 

continued-^ 



Reservoir and Outlet 
Reservoir and Oudet 
Reservoir and Outlet 



Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. Filth Hoist. 
Sections of Sewers (North and South 

Sides). 

THAMES EMBANKMENT. 

Section of River Wall. 
Steam-boat Pier, Westminster. Elevation 
Steam-boat Pier, Westminster. Details. 
Landing Stairs between Charing Cross 

and Waterloo Bridges. 
York Gate. Front Elevation. 
York Gate. Side Elevation and Details. 
Overflow and Outlet at Savoy Street Sewer. 

Details. 
Overflow and Outletat Savoy Street Sewer. 

Penstock. 
Overflow and Outlet at Savoy Street Sewer. 

Pc QS toclc* 

Steam-boat Pier, Waterioo Bridge. Eleva- 
tion. 

Steam-boat Pier, Waterloo Bridge. De- 
tails. 

Steam-boat Pier, Waterioo Bridge. De- 
tails. 

Junction of Sewers. Plans and Sections. 

Gullies. Plans and Sections. 

Rolling Stock. 

Granite and Iron Forts. 



With copious Descriptive Letterpress, Specifications, &c. 



Opinions of the Press, 

" Mr. number's works— especially his annual * Record,' with which so many of our 
readers are now ^miliar — fill a void occupied by no other branch of literature. .... 
The drawings have a constantly increasing value, and whoever desires to possess clear 
representations of the two ereat works carried out by our Metropolitan Board wUl 
obtain Mr. number's last volume." — Engineering, 

** No engineer, architect, or contractor should fail to preserve these records of works 
which, for magnitude, have not their parallel in the present day, no student in the 
profession but should carefully study the details of these great works, which he may be 
<me day called upon to imitate." — Mechanic's MAgazitte. 

"A work highly creditable to the industry oi its autfaot TWi^^3«ass*'^/sssA» 

an eocychpatda for the study of the studeul wYvo de&vK.% \.o TQasX.«t/a^ ^'^^^ § 
municipsil drainage on its scale of greatest deve\o\>ta«nX**— Pvo^ctical WltcKa^^xca. 



4 WORKS PUBLISHED BY LOCKWOOD & CO. 

Humberts Modem Engineering. Fourth Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1866. Imp. 4to, with 36 Double Plates, drawn to a large 
scale, and Photographic Poitrait of John Fowler, Esq., President 
of the Institution of Civil Engineers. Price 3/. 3j'. half-morocco. 

List of the Plates and Dia^ams, 

NAME AND DESCRIPTION. PLATES. NAME OF ENGINEER. 

Abbey Mills Pumping Station, Main Drainage, 

Metropolis i to 4 Mr. Bazaleette, C.E. 

Barrow Docks 5109 Messrs. MXDlean & StillmaB, 

Man(}uis Viaduct, Santiago and Valparaiso . [C.E. 

Railway ; 10,11 Mr. W. Loyd, C.E, 

Adams' Locomotive, St Helen's Canal Railw. 12, 13 Mr< H. Crc^s, C.E. 
Cannon Street Station Roof, Charing Cross 

Railway 14 to x6 Mr. T. Hawksbaw, CE. 

Road Bridge over the River Moka 17, 18 Mr. H. Wakefield, CE. 

Telegraphic Apparatus for Mesopotamia .... 19 Mr. Siemens, C.E. 

Viaduct over the River Wye, Midland Railw. 20 to 22 Mr. W. H. Barlow, CE. 

St. Germans Viaduct, Cornwall Railway .... 23, 24 Mr. Brunei, CE. 

Wrought-Iron Cylinder for Diving Bell 25 Mr. J. Coode, C.E. 

Millwail Docks 26 to 31 Messrs. J. Fowler, C.E.,and 

William Wils»n, CE. 

Milroys Patent Excavator 32 Mr. Milroy, C E. 

Metropolitan District Railway 33 to 38 Mr. J. Fowler, Engineer-m- 

Chief, and Mr. T. M. 

Johnson, CE. 

Harbours, Ports, and Breakwaters A to c 

The Letterpress comprises — 

A concluding article on Harbours, Ports, and Breakwaters, with 
Illustrations and detailed descriptions of the Breakwater at Cher- 
bourg, and other important modem works ; an article on the 
Telegraph Lines of Mesopotamia ; a full description of the Wrought- 
iron Diving Cylinder for Ceylon, the circumstances under which it 
was used, and the means of working it ; full description of the 
Millwail Docks ; &c., &c., &c. 



(< 



Opinions of the Press. 

Mr. Humber's * Record of Modem Engineering * is a work of peculiar value, as 
well to those who design as to those who study the art of engineering construction. 
It embodies a vast amount of practical information in the form of full descriptions and 
workmg drawings of all the most recent and noteworthy engineering works. The 
plates are excellently lithographed, and the present volume of the ' Record' is not a 
whit behind its predecessors. "-*-J/^cArt««:j* Magazine. 

" We gladly welcome another year's issue of this valuable publication from the able 
)en of Mr. Humber. The accuracy and general excellence of this work are well 
cnown, while its usefulness in giving the measurements and details of some of the 
atest examples of engineering, as carried out by the most eminent men in the profes- 
sion, cannot be too highly prized." — Artizan. 

" The volume forms a valuable companion to those which have preceded it, and- 
cannot fail to prove a most important addition to ever^ engineering library." — Mining 
Jounial. 

" 'iio one of Mr. Humber's volumes -was bad ; all were worth their jcost, from the 
mans of plates from well-executed drawvivgs njVucVv \^*.>j coT>xaM\t^. Vr. ^-^ x^s^wtx^ 
perhaps, this last volume is the most va\ua>a\e \ka,x.x)cvsi -voXJcvoxVas ^jho^xxr*^?— Vtoc- 
^'ca/ Mechanics' yourriaU 
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Humberts Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. By William H umber, Assoc. Inst. C. E., and M. Inst 
M.E. Third Edition, revised and much improved, with 115 Double 
Plates (20 of which now first appear in this edition), and' numerous 
additions to the Text, In 2 vols. imp. 4to., price 6/. i6j". 6d. half- 
bound in morocco. \^Rectntly published. 

"Avery valuable contribution to the standard literature of civil enj^ineerinc. In 
iddition to elevations, plans, aad sections, large scale details are given, which verv 
nuch enhance the instructive worth of these illustrations. No engineer would wil- 
ingly be without so valuable a fund of information." — Civil Engitieer and A rchitecfs 
youmal. 

^ ** The First or Theoretical Part contains mathematical investigations of the prin- 
iples involved in the various forms now adopted in bridge cojistruction. lliese 
nvestigations are exceedingly complete, having evidently been very carefully con- 
idered and worlced out to the utmost extent that can be desired by the practical man. 
Lhe tables are of a very useful character, containing the results of the most rdcent 
jcperiments, and amongst them are some valuable tables of the weight and cost of 
ast and wrought-iron structures actually erected. The volume of text is amply illus- 
rated by numerous woodcuts, plates, and diagrams : and the plates in the second 
olume do great credit to both draughtsmen and engravers. In conclusion, we bave 
reat pleasure in cordially recommending this work to our readers." — Artizan, 

" Mr. Humber's stately volumes lately issued — in which the most important bridges 
rected during the last five years, under the direction of the late Mr. Brimel, Sir W. 
'ubitt,,Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among out 
lost eminent engineers, are drawn and specified in great detail, " — Engineer. 

Weale's Engineer s Pocket-Book. 

THE ENGINEER'S, ARCHITECTS, and CONTRACTOR'S 
POCKET-BOOK (Lockvvood & Co.'s; formerly Weale's). 
Published Annually. In roan tuck, gilt edges, with 10 Copper- 
Plates and numerous Woodcuts. Price dr. 
" A vast amount of really valuable matter condensed into the small dimen- 

ions of a book which is, in reality, what it professes to be — a pocket-book 

/e cordially^ecommend the book to the notice of the manag-rs of coal and other 
lines ; to them it witi prove a handy book of reference on a variety of subjects more 
r less intimately connected with their profession." — Colliery Guardian. 
" Every branch of engineering is treated of, and facts, figures, and data of every 
ind abound." — Mechanics^ Mag. 

"It contains a large amount of information peculiarly valuable to those for whose 
se it is compiled. We cordially commend it to the engineering and architectural 
rofessions generally." — Mining Jonnud. 

^ron Bridges, Girders, Roofs, &c, 

A TREATISE on the APPLICATION of IRON to the CON- 
STRUCTION of BRIDGES, GIRDERS, ROOFS, and OTHER 
WORKS ; showing the Principles upon which such Structures are 
Designed, and their Practical Application. Especially arranged for 
the use of Students and Practical Mechanics, all Mathematical For- 
mulae and Symbols being excluded. By Francis Campin, C.E. ' 
"With numerous Diagrams. i2mo., cloth boards, 3^., cloth limp, 2s. 

\Receiitly published, 

** For numbers of young engineers the book is just the cheap, handy, first guide 

ey want" — Middlesborough Weekly News. 

''Invaluable to those who have not been educaled vo. ifta.\Nx«nva.<\c&r — CoUxer^j 

'arifzan. 

' Remarkably accurate and well written.*' — Artizan, 
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Barlow on the Strength of Materials:, enlarged, 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.'R.S., Mem. Inst, of France ; 
of the Imp. and Royal Academies of St. Petersburgh and Brussels ; 
of the Amer. Soc. Arts ; and Hon. Mem. Inst. Civil Engineers. 
A New and considerably Enlarged Edition, revised by his Sons, 
P. W. Barlow, F.R.S., Mem. Inst. C.E., and W. H. Barlow, 
F.R.S., Mem. of Council Inst. C.E., to which are added a Sum- 
mary of Experiments by Eaton Hodgkinson, F.R.S., WlLUAM 
Fairbairn, F.R.S., and David Kirkaldy; an Essay (with 
Illustrations) on the effect produced by passing Weights over 
Elastic Bars^ by the Rev. Robert Willis, M.A., F.R.S. And 
Formulae for Calculating Girders, &c. The whole arranged and 
edited by William Humber, Assoc. Inst. C.E., and Mem. Inst 
M.E., Author of ** A Complete and Practical Treatise on Cast and 
Wrought-Iron Bridge Construction," &c. &c Demy 8vo, 400 pp., 
with 19 large Plates, and nmnerous woodcuts, price i&r. cloth. 

" This edition has undergone considerable improvement, and has been brought down 
to the present date. It is one of the first books of reference in existence." — Artizan. 

** Although issued as the sixth edition, the volume under consideration is worthy of 
being regaraed. for all practical purpos^ as an entirely new work . . . the book 
is undoubtedly worthy of the highest commendation." — Mining y<mmal. 

' ' An increased value has been given to this very valuable work by the addition of 
a large amount of information, which cannot prove otherwise than highly usefiil to 

those who require to consult it llie arrangement and editing of this 

mass of information has been undertaken by Mr. Humber, who has most ably fulfilled 
a task requiring special care and ability to render it a success, which this edition most 
certainly is. He has given the finishing touch to the volume by introduAng into it 
an interesting memoir of Professor Barlow, which tribute of respect, we are sui«, will 
be appreciated by the members of the engineering profession." — Mechanics^ Magasitu. 

"A book which no engineer of any kind can afford to be without." — CoUiery 
Guardian. 

" The best book on the subject which has yet appeared. .... We know of 
no work that so completely fulfils its mission." — English Mechanic. 

" There is not a pupil in an engineering school, an apprentice in an engineer's or 
architect's office, or a competent clerk of works, who will not recognise in the scientific 
volume newly given to circulation, an old and valued friend.* — Building N^wt. 

" The standard treatise upon this particular subject** — Engineer. 

Strains, Formulce & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulae and Corresponding Diagrams, 
with numerous Details for.Practical Application, &c. By WiLLiAM 
Humber, Assoc. Inst C.E., &c. Fcap. 8vo, with nearly 100 
Woodcuts and 3 Plates, price *js. 6d. cloth. 

" The arrangement of the matter in this little volume is as convenient as it well 

could be The system of employing diagrams as a substitute for complex 

computations is one justly coming into ^eat favoiu:, and in that respect Mr. Humber's 
volume is fully up to the times." — Engineering. 
" The formulae are neatly exprcs&ed, aivd X\ve £^asra.TD& ^oxA."^ — AtXcnounu 
" We heartily commend this reaWy handy ^iOoV. X» omi «B®aR«x «qA. vcSsi&KX 
renders. " — English Mechanic. 
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Strains, 

THE STRAINS ON STRUCTURES OF IRONWORK; 

"with Practical Remarks on Iron Construction, By F. W. Sheilds, 

M. Inst. C.E. Second Edition, with 5 plates. Royal 8vo, 5j. cloth. 

CoNTKNTS. — Introductory Remarks ; Beams Loaded at Centre ; Beams Loaded at 

nequal distances between supports ; Beams imiformly Loaded ; Girders with triangu- 

nr bracii^ Loaded at centre ; Ditto, Loaded at unequal distances between supports ; 

Ktto, uniformly Loaded; Calculation of the Strains on Girders with triang^ar 

^ngs ; Cantilevers ; Continuous Girders ; Lattice Girders ; Girders with Vertical 

truts and Diagonal Tics ; Calculation of the Strains on Ditto ; Bow and String 

-irders ; Girders of a form not belonging to any regular figure ; Plate Girders ; Ap- 

NTtionments of Material to Strain ; Comparison of different Girders ; Proportion of 

ength to Depth of Girders ; Character of the Work ; Iron Roofs. 

Construction of Iron Beams, Pillars, &c. 

IRON AND HEAT, Exhibiting the Principles concerned in the 
Construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace; By James Armour, 
C.E. Woodcuts, i2mo, cloth boards, 3J. 6d, ; cloth limpr, 2s. 6d, 

[Recently published. 

** A very useful and thoroughly practical little volume, in every way deserving of 

rculation amongst working men. " — Mining journal. 

"No ironworker who wishes to acquaint ■ himself with the principles of his own, 

ade can afford to be without it." — South Durham Mercury. 

^ower in Motion. 

POWER IN MOTION : Horse Power, Motion, Toothed Wheel 

Gearing, Long and Short Driving Bands, Angular Forces, &c. 

By James Armour, C.E. With 73 Diagrams. i2mo, cloth 

boards, 3J. 6^.; cloth limp, 7.s. 6d. \Recently published. , 

'* Ntunerous illustrations enable the author to convey his meaning as explicitly as 

is perhaps possible t» be conveyed. The value of the theoretic and practical know- 

sdge imparted cannot well be ovqr estimated." — Newcastle Weekly Chronicle. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S., Associate of the 
Royal School of Mines. With numerous Illustrations, Third 
Edition, revised and much enlarged. i2mo., cloth boards, 5^. (id. ; 
cloth limp, \s. 6d. \yust published. 

" Carefully written, it has the merit of brevity and conciseness, as to less impdrtant 
oints, while all material matters are very fully an4 thoroughly entered into." — 
ttindard. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems hi Geodesy 
and Practical Astronomy, and Formulae and Tables for Facilitating 
their Calculation. By Lieut-General Frome, R.E,, late In- 
spector-General of Fortifications, &c. FoMitK EdJtis»a., ^\sias.^j^^ 
thoroughly Revised, and partly Re-wiilleu. "B^ Cnxtki^ Or^sok^xs. 
Warren, R.E., F.G.S. With 19 P\aX^ ?ixA \\t^^^Q^^&, 
royal 8vo, price i6s. cloth. \!jHst ^uUxiVvcd, 
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Hydraulics, 



HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULiE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. By John Neville, Civil Engineer, M.R.I.A. 
Second Edition, with extensive Additions, New Formulae, Tables, 
and General Information on Rain-fall, Catchment- Basins, Drainage, 
Sewerage, Water Supply for Towns and Mill Power. With nume- 
rous Woodcuts, 8vo, idf. cloth. 

*»* This work contains a vast number of different hydraulic 
formulae, and the most extensive and accurate tables yet published 
for finding the mean velocity of discharge from triangular, quadri- 
lateral, and circular orifices, pipes, and rivers ; with experimental 
results and co-efficients ; effects of friction ; of the velocity of 
approach ; and of curves, bends, contractions, and expansions ; the 
best form of channel ; the drainage effects of long and short weirs, 
and weir-basins ; extent of back-water from weirs ; contracted 
channels; catchment-basins; hydrostatic and hydraulic pressure; 
water-power, &c. &c. 

Levelling, 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst. C.E. Fifth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of Ikying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
Ss. 6(f. cloth. %* Trautwine on Curves, separate, price 5^. 

"One of the most important text-books- for the general surveyor, and there is 
scarcely a question connected with levelling for which a solution would be sought but 
that would be satisfactorily answered by consulting the volume." — Mining Journal. 

"The text-book on levelling in most of our engineering schools and colleges."— 
E7igi7ieer. 

"The publishers have rendered a substantial service to the profession, especially to 
the younger members, by bringing out the present edition of Mr. Simmy's useful wwk." 
— Engitwering. 

Tunnelling, 

PRACTICAL TUNNELLING ; explaining in Detail the Setting 
out of the Works ; Shaft Sinking and Heading Driving ; Ranging 
the Lines and Levelling Under-Ground ; Sub- Excavating, Timber- 
ing, and the Construction of the Brickwork of Tunnels ; with the 
Amount of Labour required for, and the Cost of the various Por- 
tions of the Work. By Fredk. W. Simms, F.R.A.S., F.G.S., 
M. Inst. C.E., Author of **A Treatise on the Principles and 
Practice of Levelling," &c. &c. Second Edition, revised l^ W. 
Davis Haskoll, Civil "Li^gviveeT, KuxXvot q.1 ''''TV^ 'E.wi^eer's 

¥it\d -Book, " &c. &c. V^ ilVi 16 \a.x^ei IcMva.^ ^\a.\.^^ ^sA\sa3aM9S!!& 

Woodcuts. Imperial Svo, i^ 15. «Xo\>cu 
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Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By the late Thomas Tredgold, Mem. 
Inst. C.E., Author of ** Elementary Principles of Carpentry," &c. 
Fifth Edition, Edited by Eaton Hodgkinson, F.R.S. ; to 
which are added EXPERIMENTAL RESEARCHES on the 
STRENGTH and OTHER PROPERTIES of CAST IRON. 
By the Editor. The whole Illustrated with 9 Engravings and 
numerous Woodcuts. 8vo, 12^. cloth. 

*»* HODGKINSON*S EXPERIMENTAL RESEARCHES ON THE 

Strength and Other Properties of Cast Iron may be had 
separately. With Engravings and Woodcuts. 8vo, price 6j. cloth. 

The High-Pressure Steam Engine, 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plan, Mecklenberg. Translated from the German, with Notes, by 
Dr. Pole, F.R.S., M. Inst. C.E., &c. &c. With 28 fine Plates, 
8vo, I dr. hd, cloth. 

'* A work like this, which goes thoroughljr into the examination of the high-pressure 
igine, the boiler, and its appendages, &c., is exceedingly useful, and deserves a place 
t every/ scientific library."-— ly/^aaw Shipping ChronicU. 

^team Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, 'and Economical Working. By Robert Wilson, late 
Inspector for the Manchester Steam Users' Association for the 
Prevention of Steam Boiler Explosions, an<J for the Attainment of 
Economy in the Application ot Steam. i2mo, cloth boards, 328 
pages. [JVearfy ready, 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Ins\. C.E. Printed on 48 Cards, and sold in a 
cloth box, waistcoat-pocket size, price y, 6d. 

'* Each table is printed on a small card, which, being placed on the theodolite, leaves 
le hands free to manipulate the instrument — no small advantage as regards the rapidity 
' work. They are clearly printed, and compactly fitted into a small case for tht 
3cket — an arrangement that will recommend them to all practical men." — Engineer. 

** Very handy : a man may know that all his day's work must fall on two of these 
irds, which he puts into his own card-case, and leaves the rest behind.*' — Atheneeiim, 

^^aying Out Curves. 

THE FIELD PRACTICE of 'LKXI^Ci 0\^T ^Y^^N^^^K!^ 
CURVES for RAILROADS. "By ^01\^ e.T\kK»-v«vx^^^« 
(Extracted from SiMMS's Work oti l^NtV!toC). "^NCi, V« 's^s^^sSi^ 
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Estimate and Price Book, 

THE CIVIL ENGINEER'S AND CONTRACTOR'S ESTI- 
MATE AND PRICE BOOK for Home or Foreign Service: 
in reference to Roads, Railways, Tramways, Docks, Harboui-s, 
Forts, Fortifications, Bridges, Aqueducts;, Tunnels, Sewers, Water- 
works, Gasworks, Stations, Barracks, Warehouses, &c &c. &c. 
With Specifications for Permanent Way, Telegraph Materials, 
Plant, Maintenance, and Working of a Railway ; aod a Priced List 
of Machinery, Plant, Tools, &c. By W. D. Haskoll, C.E. 
Plates and Woodcuts. Published annually. 8vo, cloth, 6j. 
''As furnishing a variety of data on every conceivable want to civil engioeors and 
coetractors, this book has ever stood jperhaps unrivalled."— ^nrAt^^f^. 

Surveying (Land and Marine), 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Towns' Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C.E., 
Author of " The Engineer's Field Book," " Examples of Bridge 
and Viaduct Construction," &c. Demy 8vo, price 12^. 6</, doth, 
with 14 folding Plates, and numerous Woodcuts. 
** A most useful and well arranged book for the aid of a student . . . .We 

can strongly recommend it as a carefully- written and valuable text-book.**— 5»fcWfr. 
*' Mr. Haskoll has koowledge and expenence, and can so give exi>Fe6sioQ to it as 

t9 make any matter on which he writes, dear to tke youngest piq>il in a surveyor's 

office." — Colliery Guardian. 

** A volume which cannot fail to prove of the utmost practical utility. . ... It 

is one which may be safely recommended to all students who aspire to become clean 

and expert surveyors." — Mining journal. 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 

applied to l4and and Hydraulic,' Hydrographic, and Submarine 
Surveying and Leveling. Second Edition, revised, with consider- 
able additions, and a Supplementary Volume on WATER- 
WORKS, SEWERS, SEWAGE, and IRRIGATION. By W. 
Davis Haskoll, C.E. Numerous folding Plates. Demy 8vo, 2 
vols, in one, cloth boards, i/. is. (publishea at 2/. 4^-.) 

Mining Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and F(»-eign Iron and Coal 
Mineral Properties: to which is appended M. THOMAN'S (of 
the Credit Mobilier, Paris) TREATISE on COMPOUND IN- 
TEREST and ANNUITIES, with LOGARITHMIC TABLES. 
By William Lintern, Mining and CivU Engineer. i2mo, 
strongly bound in ck>t3i boaid?., -wVlVi. iovr: PVales of Diagrams, 
Pians, &c., price i(W. 6rf. ' \*Just tniblU>vtd. 

"Contains much valuable informatVotv ^weum ^ .^^^"^"^ ^^^^.V^^"^^^^^"^^ 
as we W tested it, is thorov^W tr^-^^;-4-:^^^^^^ 
The matter, arrangement, and lUustrauoiv o\. \.iw 
it one of the best of its kind.** — Standard, 
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Fire Engineering, 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. ^With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire ; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c. , &c. 
By Charles F. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, price i/. 4^. cloth. 

" We can most heartily commend this book It is really the only English 

ork we now have upon the subject." — Engineering. 

" We strongly recommend the book to the notice of all who are in any way in- 

a-ested in fires, fire-engines, or fite-brigades." — Mechanic^ Magazine. 

Manual of Mining Tools, 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. Volume of Text. 
i2mo. With an Atlas of Plates, containing 235 Illustrations. 4to. 
Together, price qj. cloth boards. [Recently published, 

" Students in the Science of Mining, and not only they, but subordinate officials in 
lines, and even. Overmen, Captains, Managers, and Viewers may gain practical 
aowledge and useful hints by the study of Mr. Morgans's Manual." — Calliety 
uardian. 

" A very valuable work, which will tend materially to improve our mining litera- 
tre." — Mining Journal. 

Iras and Gasworks, 

A TREATISE on GASWORKS and the PRACTICE of 
MANUFACTURING and DISTRIBUTING COAL GAS. 
By Samuel Hughes, C.E. Third Edition, revised by W. 
Richards, C.E. With 68 Woodcuts, bound in cloth boards, 
i2mo, price 4r. 

Waterworks for Cities and Towns, 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 

with a Description of the Principal Geological Formations of 

England as influencing Supplies of Water. By Samuel Hughes, 

F.G.S., Civil Engineer. New and enlaiged edition, i2mo, doth 

boards, with numerous lUustr'ations, price ^s. \yust published. 

'* One of the most convenient, and at the same time reliable works on a subject, 
le vital importance of which cannot be over-estimated." — Bradford Observer. 

Zoal and Coal Mining, 

COAL AND COAL MINING : a Rudimentary Treatise on. By 
Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector 
of the Mines of the Crown and of the Duchy of Cornwall. New 
edition, revised and corrected. i2mo., cloth boards, with nume- 
rous Illustrations, price 4f. dd. [Just published. 
" Every portion of the v%lume appears to have been prepared with mucn care, and 
s an outlme is given of every known coal-field in this and other countries, as well as 
if the two principal methods of working, the book will doubtless interest a very 
arge number of readers." — Mining youmal. 

"Certainly experimental skill and rule-of-t\vutcvb -^Tajcxicft ^woviJA \i^ ^Ecw»5ic«^ «s.- 
ched by the addition of the theoretical know\eA^e anA, sc^auU^vi \x&cycTO^«aa.^«^K^!^ 
r. War/ngton Smyth communicates in com\>\nat\OTi ntvXVv ^t -wsv^Xs. «:fL\ixs. 's*^ <=»>■- 
r/ence and persojial research." — Colliery Guardian, 
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Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, Civil 
Engineer. Third Edition, much eiiarged, consisting of a Series 
of Tables, with Rules, Explanations of S3rstems, and Use of Theo- 
dolite for Traverse Surveying and Plotting the Work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling 
with the Theodolite, Casting out and Reducing Levels to Datum, 
and Plotting Sections in the ordinary manner; Setting out Curves 
with the Theodolite by Tangential Angles and Multiples with Right 
and Left-hand Readings of the Instrument; Setting out Curves 
without Theodolite on the System of Tangential Angles by Sets of 
Tangents and Offsets ; and Earthwork Tables to 80 feet deep, cal- 
culated for every 6 inches in depth. With numerous wood-cuts, 
i2mo, price I2J. cloth. 

*' A very useful work for the practical engineer and surveyor. Every person 
engaged in engineering field operations will estimate the importance of such a work 
and me amount of valuable time which will be saved by reference to a set of reliable 
tables prepared with the accuracy and fulness of those given in this volume."— i?a/A 
way News. 

" The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, the 
genuine traverse tables existmg all the same." — Athefueum. 

" The work forms a handsome pocket volume, and cann6t fail, from its portability 
and utility, to be extensively patronised by the engineering profession, —Mming 
yournai. 

** We strongly recommend this second edition of Mr. HaskoU's * Field Book' to all 
classes of surveyors." — Colliery Guardian. 

Earthworky Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. l8mo, 2.5, 6d, clolh. 

" As a really handy book for reference, we know of no work equal to it ; and the 
railway engineers and others employed ia the measurement and calculation of earth- 
work will find a great amount of practical information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices." — Artizan. 

Harbours. 

THE DESIGN and CONSTRUCTION of HARBOURS. By 
Thomas Stevenson, F.R.S.E., M.I.C.E. Reprinted and en- 
larged from the Article *' Harbours," in the Eighth Edition of " The 
Encyclopaedia Britannica." With 10 Plates and numerous Cuts. 
8vo, loj. 6^. cloth. 

Mathematical and Drawing Instruments. 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUME^fTS employed by the Engineer, 
ArchiitzU and Surveyor. B7 ¥"r.^t>¥.^\cyl ^ . '$»\v«^'3», \^.. \o&\. 

C.E., Author of "Practical T\sx«veV\m^C' ^c. Tk^^^^Mxwjl,^^ 

numerous Cuts. i2mo, price y. M. cXoiOa.. 
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Bridge Construction in Masonry ^ Timber, & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY,. TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of seTect 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
illustrated with 6 pages of Diagrams. Imp. 4to, price 2/. izs, td, 
half-morocco. 

•* One of the very few works extant descending to the level of ordinary routine, and 
treating on the common every-day practice of the railway engineer. ... A work of 
die inresent nature by a man of Mr. HaskoU's experience, must prove invaluable to 
hundreds. The tables of estimates appended to this edition will considerably enhance 
its value." — Engineering. 

Mathematical Instruments, their Construction, &c, 

MATHEMATICAL INSTRUMENTS : their CONSTRUC- 
TION, ADJUSTMENT, TESTING, AND USE; comprising 
Drawing, Measuring, Optical, Surveying, and Astronomical Instru- 
ments, By J. F. Heather, M.A., Author of "Practical Plane 
' Geometry," "Descriptive Geometry," &c. Enlarged Edition, for 
the most part entirely rewritten. With numerous Wood-cuts. 
i2mo, cloth boards, price $s, [Now ready. 

Oblique Arches, 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edition, with 
Plates. Imperial 8vo, price &r. cloth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large folding Plates. By Geo. Watson 
Buck, M. Inst. C.E. Second Edition, corrected by W. H. 
Barlow, M. Inst. C.E. Imperial 8vo, 12s, cloth. 

*'The standard text-book for all engineers regarding skew arches, is Mr. Buck's 
treatise, and it would be impossible to consult abetter." — Engineer. 

Wealds Series of Rudimentary Works. 

These highly popular and cheap Series of Books, now comprising 
nearly Three Hundred distinct Works in almost every department of 
Soienoe, Art, and BSduoation, are recommended to the notice of En- 
gineers, Architects, Builders, Artizans, and Students generally, as well 
«a to those interested in Workmen's Libraries, Free Libraries, Literary 
and Boientiflo Institutions, Colleges, Schools, Scien ce C lasses, ftc, Ac. 
*«* Lists may he had on application to LOCKWOOD ft CO. 

Wealis Dictionary of Terms in Architecttire, 
Engineerino;, Art, &c, 

A DICTIONARY of TERMS used' in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHAEOLOGY, the FINE ARTS, &c. By John Weale. 
Fomth Effitfon, enlarged and revised \>^ ^o^^-^rc ^\i^"^,^ 7^^,^ 
Keeiper of Mining Records, Editor ol "\iit'^\Ao:v3N\acc^ ^^ ^n.< 
&c, i2mo, cloth boards, price 6s. '^'^^^^ ^>>\v^>v« 
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ARCHITECTURE, &c. 

♦ 

Construction. 

THE SCIENCE of BUILDING : an Elementary Treatise on 

the Principles of Construction. By E. Wyndham Tarn, M.A., 

Architect. Illustrated with 47 Wood Engravings. Demy 8vo, 

price &r. 6d. cloth. {KecetUly published. 

** A very valuable book, which we strongly recommend to all students.*' — Builder. 

"While Mr. Tarn's valuable little volume is quite sufficiently scientific to answer 

the purposes intended, it is written in a style that will deservedly make it oopular. 

The diagrams are numerous and exceedingly well executed, and the treatise does 

credit alike to the author and the publisher." — Engineer, 

*' No architectural student should be without this hand-book of confitructianal 
knowledge." — A rchittxt. 

"The book is very Car from being a mere compilation ; it is an able digest of 
information which is only to be found scattered through various woiics, and t:ontains 
more really original writing than n^iany pittting forth far stronger claims to originality ." 
— Engineering. 

Beaton s Pocket Estimator, . 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters' 
•and Joiners' work, priced according to the present val«e of material 
and labour. By A. C. Beaton, Author of * Quantities and 
Measurements.* 33 Woodcuts. Leather, waistcoat-pocket size. 2j. 

Beaton sBtdlders^ and Surveyors TeckmcalGuide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, with a Treatise on the Measurement of 
Timbers, and Complete Specifications for Houses, Roads, and 
Drains. By A. C. Beaton, Author of 'Quantities aiKi Measure- 
ments.' With 19 Woodcuts, Leather. Waistcoat pocket size. 2s. . 

\_Nbw ready. 

Villa Architecture. 

A HANDY BOOK of VILLA AJICHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wickes, Archit3ect, 
Author of " The Spires and Towers of the Mediaeval Churches of 
England," &c. First Series, consisting of 30 Plates ; Second 
Series, 31 Plates. Complete in i vol., 4to, price 2/. lor. half 
morocco. Either Series separate, price \l. js. each, half morocco. 
*' The wh(Je of the designs bear evidence of their being the work of an artistic 

architect, and they will prove very valuable and suggestive to architects, students, and 

amateurs." — Building News. 

The Architect' s Guide. 

THE ARCHITECT'S GUID1& ; or, Office and Pocket Com- 
panion for Engineers, ATc\ii\.ec\.s, LaLtvd ^xwd. Buxldln^ Surveyors, 
Contractors, Builders, Clerks oi N^oxVs, &.^ ^>j^.\iKj?\% 
HaSKOLL, C.E., R. W.BUXII^GS, MOcivV^cX, ^ . ^O'^^^^, "asv$^ 

P. THOMPSON. Willi Tvumeious 'E.^v^r«^wv\.j X^^ C.. ^^^^\s. 

C.E., &c. Woodcuts, i2mo, c\ot\v, ^tvce ^s. bd. 
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Vitruviu£ Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS • 
POLLIO. Translated by JOSEPH GwiLT, F.S.A., F.R-A.S. 
Numerous Plates. i2mo, cloth limp, price 5^. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By George Wight- 
wick, Architect, Author of " The Palace of Architecture," &c. &c. 
Second Edition. With numerous Woodcuts. 8vo, 7^., extra cloth. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne, Author of a ** Rudimentary Treatise on Per- 
spective for Beginners." With 14 Plates, 4to, *js, (id.y boards. 

Contents. — I. Practical Rules on Drawing— Outlines. IL Ditto— the Grecian 
od Roxnan Orders. III. Practical Rules on Drawing— Perspective. IV. Practical 
jdes 00 Ligkt and Shade. Y. Practical Rules on Colour, &c. &c 

Drawing for 'Engineers, &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawings South Kensington. Second Edition, carefully revised. 
With upwards of 300 Plates and Diagrams. i2mo, doth, 
strongly bound, 4J. dd. [A/vw ready. 

"Eves aiocottplished draughtsmen will find in it much that will be of use to thoxu 
. copy of it should be kept ioic reference in every drawing^ office." — Engineering. 

"An indispensable book for teachers of enf^ineerLng 6xKmD%.^' -^ Mechanics* 
fttgazme. 

Zottages, Villas, and Country Houses. 

DESIGNS and EXAMPLES of COTTAGES, VILLAS, and 
COUNTRY HOUSES ; being the Studies of several eminent 
Ardiitects and Builders ; consisting of Plans, Elevations, and Per- 
spective Views ; with approximate Estimates of the Cost of each. 
Ijtt 4to, with 67 plates, price i/. IJ-., cloth. 

Suilders Price Book. 

ATCHLEY'S BUILDERS' PRICE BOOK for 1873, contain- 
ing a complete List of Prices of Builder's Materials and Labour of 
all Trades in connection with Building ; useful and important 
Tables and Memoranda for preparing Estimates, compiled bya 
staff of experienced men. To which are added, — Builders' Prices 
for the West Riding of Yorkshire, specially prepared for this work ; 
Tables for Calculating wages; Builders' Measurements, with Bills 
of Quantities. By A. C. Beaton. Marks and Qualities of 
Timber, with Rules for Calculating the Various Standards ; IrotL 
as applied to Building Structures. By a CiN\\a^WiVS.^x:8w« ^x^^sr^ 
8vo, strongly bound, price 3^. 6rf. 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. Preceded by a Preliminary Essay, and 
Skeletons of Specifications and Contracts, &c, &c., and explained 
by numerous Lithograph Plates and Woodcuts. By Professor 
Thomas L. Donaldson, President of the Royal Institute of British 
Architects, Professor of Architecture and Construction, University 
College, London, M.I.B.A., Member of the various European 
Academies of the Fine Arts. With A Review of the Law OF 
Contracts, and of the Responsibilities of Architects, Engineers, 
and Builders. By W. Cunningham Glen, Barrister-at-Law, of 
•the Middle Temple. 2 vols., 8vo, with upwards of iioopp. of 
text, and 33 Lithographic Plates, cloth, 2/. 25. (Published at 4/.) 

" In these two volumes of 1,100 pages (together), forty-four specifications of executed 
works are given, including the specifications for parts of the new Houses of Parliament, 
by Sir Charles Barry, and for the new Royal Exchange, by Mr. Tite, M.P. The 
latter, in particular, is a very complete and remarkable document It embodies^ to a 
great extent, as Mr. Donaldson mentions, ' the bill of qiikntities, with the description 
of the works,' and occupies more than 100 printed pages. 

"Amongst the other known buildings, the specifications of which are given, are 
the Wiltshire Lunatic Asylum (Wyatt and Brandon) ; J'othill Fields Prison (R. Abra- 
ham) ; the City Prison, HoUoway (Bunning) ; the High School, Edinbiugh (Hamilton) ; 
Clothworkers' Hall, London (Angel) ; Wellingfton College, Sandhurst (J. Shaw) ; 
Houses in Grosvenor Square, and elsewhere ; St. George's Church, I>oncaster 
(Scott) ; several works of smaller size by the Author, including Messrs. Shaw's Ware- 
house in Fetter Lane, a very successful elevation ; the Newcastle-upon-Tyne Railway 
Station (J. Dobson) ; new Westminster Bridge (Page) ; the High Level Bridge, New- 
castle (R. Stephenson) ; various works on the Great Northern Railway (Brydone) ; 
and one French specification for Houses in the Rue de Rivoli, Paris (NIM. Armand, 
HittorfF, Pellechet, and Rohault de Fleury, architects). The last is a very elaborate 
composition, occupying seventy pages. The majority of the specifications have illus- 
trations in the shape of elevations and plans. 

" We are most glad to have the present work. It is valuable as a record, and more 
valuable still as a book of precedents. 

" About 140 pages of the second volume are appropriated to an exposition of the 
law in relation to the legal liabilities of engineers, architects, contractors, and builders, 
by Mr. W. Cunningham Glen, Barrister-at-law ; intended rather for those persons 
than for the legal practitioner. Suffice it, in conclusion^ to say in words what our 
readers will have eathered for themselves from the particulars we have given, that 
Donaldson's Handbook of Specifications must be bought by all architects." — Builder, 

Mechanical Engineering. 

A PRACTICAL TREATISE ON MECHANICAL ENGI- 
NEERING : comprising Metallurgy, Moulding, Casting, Forging, 
Tools, Workshop Machinery, Mechanical Manipulation, Manufac- 
ture of the Steam Engine, &c. &c. With an Appendix on the 
Analysis of Iron and Iron Ore, and Glossary of Terms. By Francis 
Campin, C.E. Illustrated with 91 Woodcuts and 28 Plates of 
Slotting, Shaping, Drilling, Punching, Shearing, and Riveting 
Machines — Blast, Refining, and Reverberatofy Furnaces — Steam 
Engines, Governors, Boiiers, "LocoTcvoVVves, ^c^ \i«xx^ %s<2>^^«c»>3ft^ 
price 1 2s. 
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Grantham s Iron Ship-Building y enlarged, 

ON IRON SHIP-BUILDING; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, i2mo, cloth limp, also considerably enlarged, 
By John Grantham, M. Inst. C.E., &c. Price 2/. 2s, complete. 

Description of Plates, 



I. 

3. 

3- 



4«. 
5. 



7. 

8. 






4. 



Hollow and Bar Keels, Stem and 
Stem Posts. [Pieces. 

Side Frames, Floorings, and Bilge 

Floorings continued — Keelsons, Deck 
Beams, Gunwales, and Stringers. 

Gunwales continued — Lower Decks, 
and Orlop Beams. 

Gunwales and Deck Beam Iron. 

Angle-Iron, T Iron, Z Iron, Bulb 
Iron, as Rolled for Building. 

Rivets, shown in section, natural size ; 
Flush and Lapped Joints, with 
Single and Double Riveting. 

Plating, three plans ; Bulkheads and 
Modes of Securing them. 

Iron Masts, with Longitudinal and 
Transverse Sections. 

Sliding Keel, Water Ballast, Moulding 
the Frames in Iron Ship Building, 
Levelling Plates. 

Longitudinal Section, and Half- 
breadth Deck Plan of Large Vessels 
on a reduced Scale. 

Midship Sections of Three Vessels. 

L^r^e Vessely showing Details — Fore 
End in Section, and End View, 
with Stem Post, Crutches, &c. 

Large F«j^/,showing Details — -^ter 
End in Section, with End View, 
Stem Frame for Screw, and Rudder. 

Lar^e K.f«^/, showing Details —J/ftt/- 
shtp Section^ half breadth. 

Machines for Punching and Shearing 
Plates and Angle-Iron, and for 
Bending Plates ; Rivet Hearth. 

Beam-Bending Machine, Indepen- 
dent Shearing, Punching and Angle- 
Iron Machine. 



15^. Double Lever Punching and Shearing 
Machine, arranged for cutting 
Anele and T Iron, with Dividing 
Table and Engine. 

16. Machittes. — Garforth's Riveting Ma- 

chine, Drilling and Counter-Smking 
Machine. 
i6a. Plate Planing Machine. 

17. Air Furnace for Heating Plates and 

Angle-Iron : Various Tools used in 
Riveting and Plating. 

18. Gunwale ; Keel and Flooring ; Plan 

for Sheathing with Copper. 

i8a. Grantham's Improved Plan of Sheath- 
ing Iron Ships with Copper. 
Illustrations of the. Magnetic Condi- 
tion of various Iron Ships. 
Gray's Floating Compass and Bin- 
nacle, with Adjusting Magnets, &c. 
Corroded Iron Bolt in Frame of 
Wooden Ship ; Jointing Plates. 

22-4. Great Eastern — Loneitudinal Sec- 
tions and Half-breadth Plans^Mid- 
ship Section, with Details — Section 
in Engine Room, and Paddle Boxes. 

25-6. Paddle Steam Vessel of Steel. 

27. Scarbrough — Paddle Vessel of Steel. 

28-9. Proposed Passenger Steamer. 



19. 



20. 



21. 



30- 
31- 

32. 

33- 
34. 
35. 



Persian — Iron Screw Steamer. 
Midship Section of H.M. Steam 

Frigate, Warrior. 
Midship Section of H.M. Steam 

Frigate, Hercules. 
Stem, Stem, and Rudder of H.M. 

Steam' Frigfate, Bellerophon. 
Midship Section of H.M. Troop Ship, 

Serapis. 
Iron Floating Dock. 



An enlarged edition of an elaborately illustrated work." — Builder. 



'* This edition of Mr. Grantham's work has been enlarged and improved, both with 
•espect to the text and the engravings being brought down to the present period . . . 
The practical operations required in producmg a ship are described and illustrated with 
:are and precision." — Mechanics^ Magazine. 

" A thoroughly practical work, and every question of the many in relation to iron 
ihipping which admit of diversity of opinion, or have various and conflicting personal 
interests attached to them, is treated with sober and impartial wisdom and good sense. 

. . . As good a volume for the instruction of the pupil or student of iron naval 
irchitecture as can be found in any language." — Practical Mechanics* Journal. 

"A very elaborate work. .' . . It forms a most valuable addition to the history 
)f iron shipbuilding, while its having been prepared by one who has made the subject 
lis study ior many years, and whose quaUftcatlorvs \\a.'Vft\it«v T«^«a.\.^-^ xr^o^ysssR^., 
vill rocommend it as one of practical utility to a\\\tiX«e5Xe^Ssk.^Kw^\v^^>sv'i»r — Arwi 
vdN^avy Gazette. 
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CARPENTRY, TIMBER, &c. 

4 : 

TredgolcTs Carpentry^ new, enlarged^ and cheaper 
Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY: 

a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c, 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materids, &c. By Thokas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 PlaXes (i I of wbfdli now fiist a{^)ear 
in this edition). Portrait of the Author, and several Woodcuts. In 
I vol., 4to, published at 2/. 2^., reduced to i/. 5^., cloth. 

"'Trcdgold's Carpentry' oo^cA to be in every archkect's and cwtxf iMuIder's 
library, and those who do not already poesess it ougbt to arail themselves af the new 
issue. " — Builder. * 

"A work whose monumental exoellenoe must commenid it vfaerever skiUul car* 
pentry is concerned. The Aoithor's principles are rather cnnfinaed thaai taipaired by 
time, and, as now p-esented, combine the surest base with dke most antereatii^ display 
of progressive science, llie additioxial plates are of |p-eat intrinsic \9i\tt.**''^-Bmldif^ 
News. 

" 'Tredgold's Carpentry' has ever held a Ugih positaon, aad ^ issue a£ iStib fifth 
edition, in a still more improved and enlarged form, will jpve satiaiaction Co a 3rery 
large number of artisans wiao desire to raise themselves m their baisineaSy and who 
se<^ to do so by displaying a greater amount of knowledge and iatdligence dum their 
fellow-workmen. It is as complete a work as aeed be desired. To the ^ufierior 
workman the volume will prove invaluable ; it contains treatises written in language 
which he will readily comprehend. " — Mining youruaL 

Grandys Timber Tables, 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
and BUILDER'S STANDARD GUIDE. By Richard E. 
Grandy. Comprising : — An Analysis of Deal Standards, Home 
and Foreign, with comparative Values and Tabular Arrangements 
for Fixing Nett Landed Cost on Baltic and North American Deals, 
including all intermediate Expenses, Freight, Insurance, Duty, &c., 
&c. ; together with Copious Information for the Retailer and 
Builder. i2mo, price 7j. dd, cloth. 

" Everything it preteiKls to be : built up gradually, it leads one from a forest to a 
treenail, and throws in, as a makeweight, a host of material concerning bricks, columns, 
cisterns, &c. — all that tbe class to whom it appeals requues." — EtiglUk Mechanic. 

" The only difficulty we have is as to what is not in its pages. What we have tested 
of the contents, taken at random, is invariably correct." — Illustrated Builder* s youmal. 

Tables for Packing-Case Makers, 

PACKING-CASE TABLES; showing the number of Superficial 

Feet in Boxes or Packing-Cases, from six inches square and 

upwards. Compiled by William Richardson, Accountant 

Oblong 4to, cloth, price y. 6d. 

" Will save much labour and cakwVatvoa to paLcVa3tvg,-<aa* m^«c&«sA^aE«5Bt,^-.«?iMi , 

packins-cascs. "—Grocer. * * ln\a\ua\Ae YaboMt-saNvxv^ \a^a\^?.. — Irtrnmouger. 
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Nicholsons Carpenters Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentiy. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical 4<.ules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. is, cloth. 

Dowsing' s Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the. Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative Price that each size 
beats per Lineal Foot to any given Price per Petersburg!! Standard 
Hundred ; the Price pfer Cube Foot of Square Timber to any given 
Price per Load of 50 Feet ; the proportionate Value of Deals and 
Battens by the Standard, to Square Timber by the Load of 50 Feet ; 
the readiest mode of ascertainmg the Price of Scantling per Lineal 
Foot of aay size, to any given Figure per Cube Foot. Also a 
variety of other valuable informaticm. By William Dowsing, 
Timber Merchant. Second Edition. Crown 8vo, 3^-. cloth. 

•* Everything is as concise and clear as it can possibly be made. There can be no 
oubt that every timber merchant and builder ought to possess it, because such possession 
rould, with use, unquestionably save a very great deal of time, and, moreover, ensure 
eifect accuracy in calculations. There is also another class besides these who ought 
) possess it ; we mean all persons engaged in carrying wood, where it is requisite to 
Bcertain its weight. Mr. Dowsing's tables provide an easy means of doing this. 
i^eed every person who has to do with wood ough't to have it." — Hull Advertiser, 



MECHANICS, &c. 



Mechanics Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT ; comprising a great variety of the most 
nseful Rules in Mechanical Science ; with numerous Tables of Prac- 
tical Data and Calculated Results. By W. Templeton, Author 
of **The Engineer's, Millwright's, and Machinist's Practical As- 
sistant." Tenth Edition, with Mechanical Tables for Operative 
Smiths, Millwrights, Engineers, &c. ; together with several Useful 
and Practical Rules in Hydraulics and Hydrodynamics, a variety 
of Experimental Results, and an Extensive Table of Powers and 
Roots. 11 Plates. i2mo, 5^. .bound. \_Recently published. 

** As a text-book of reference, in which mechanical and commercial demands are 
ididouslymet, Templeton's Companion standsMUtvreWe^.^ — MecKank^ Mo^atwe. 
"Acfmirab/y adapted to the wants of a verv\ari5e c\as&. V-^saa \s«x. ^>:Ssv ^«a:^. 
xess in the engineering workshop, as we can tesU?y •, an^ ^^=^^'^^'^.^^'^3!^^ 
a who, in a great measure, owe their rise in^eto vSais'^X.xXt^ol^^. — S^^^*^^*' t 
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Engineers Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHI> 
PRACTICAL ASSISTANT ; comprising a CoUection of 
Tables, Rules, and Data. Compiled and Arranged, with C 
Matter, by W. Templeton. 4th Edition. i8mo, 2j. 6^. cl 

" So much varied ittformation compressed into so small a space, and publi; 
price which places it within the reach of the humblest mechanic, cannot fai 
mand the sale which it deserves. With the utmost confidence we commend I 
to the attention of our readers." — Mechanics* Magazine. 

" Every mechanic should become the possessor of the volume, and a mor< 
present to an apprentice to any of the mechanical trades could not possibly b 
— Building ^ews. 

Designings Measuring, and Valuing, 

THE STUDENT'S GUIDE to the PRACTICE of 
SyRING, and VALUING ARTIFICERS' WORKS ;. coi 
Directions for taking Dimensions, Abstracting the same, and 1 
the Quantities into Bill, with Tables of Constants, and 
Memoranda for the Valuation of Labour and Materials in 
spective Trades of Bricklayer and Slater, Carpenter and 
Painter and Glazier, Paperhanger, &c. With 43 Plates and 
cuts. Originally edited by Edward Dobson, Architect 
Edition, re-written, with Additions on Mensuration and C' 
tion, and several useful Tables for facilitating Calculatic 
Measurements. By E. Wyndham Tarn, M. A., Architec 
lOr. dd. cloth. \_Recently pt 

" This useful book should be in every architect's and builder's office. It 
a vast amount of information absolutely necessary to be known.'* — The Irish 

" Tl\e book is well worthy the attention of the student in architecture and s 
as by the careful study of it his progress in his profession will be much facili 
Mining jfourftal. 

. ** We have failed to discover anything connected with the building trade, 
cavating foundations to bell-hangmg, uat is not fully treated upon in thii 
work." — The Artizan. 

" Mr. Tarn has well performed the task imposed upon him, and has m: 
further and valuable additions, embodying a large amount of information r 
the technicalities and modes of construction employed in the several branck 

building trade From the extent of the information which tl: 

embodies, and the care taken to secure accuracy in every detail, it cannot fai 
of the highest value to students, whether training in the offices of provincial s 
or in those of London practitioners.** — Colliery Guardian, 

"Altogether the book is one which well fulfils the promise of its title-pag« 
can thoroughly recommend it to the class for whose use it has been compil 
Tarn's additions and revisions have mueh increased the usefulness of the v 
have especially augmented its value to students. Finally, it is only just t< 
lishers to add that the book has been got up in excellent style, the typogra] 
bold and clear, and the plates very well executed." — Engitieering. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL 
SUREMENT. Tables calculated from i to 200 inches ir 
by I to 108 inches in breadlYi. ¥ot\)cve^"V3&e.ol ^a:^\^fc^\s.,^^ 

JEngineers, Timber Merc\ia3n.Xs, ^uA^ets, ^^. ^ ^k\\ 

KINGS, Fcp. 3J. 6^. clotK 
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mathematics; &c. 

Gregory s Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic ^nd other Tables. By Olinthus Gregory, 
LL.D., F.R.A.S. Enlarged by Henry Law, C.E. 4th Edition^ 
carefully revised and corrected by J. R. Young, formerly Profes- 
sor of Mathematics, Belfast College ; Author of "A Course of 
Mathematics," &c. With 13 Plates. Medium 8vo, i/. is. cloth. 

*' As a standard work on mathematics it has not been excelled." — Artizan. 

** The enj^neer or architect will here find ready to his hand, rules for solving nearly 
ray matheinatical difficulty that may arise in his practice. As a moderate acquaint- 
loe with arithmetic, algebra, and elementary geometrjr is absolutely necessary to the 
noper understanding of the most useful portions of this book, the author very wisely 
IS devoted the first three chapters to those subjects, so that the most ignorant may be 
tabled to master the whole of the book, without aid from any other. The rules are in 
1 cases explained by means of examples, in which every step of the process is clearly 
oriced out." — Builder. f 

** One of the most serviceable books to the practical mechanics of the country. . 
he edition of 1847 was fortunately entrusted to the able hands of Mr. Law, who 
ivised it thoroughly, re-wrote many chapters, and added several sections to those 
hich had been rendered imperfect by advanced knowledge. On examining the various 
id many improvements which he introduced into the work, they seem ^most like a 
rw structure on an old plan, or rather like the restoration of an old ruin, not onlv to 
s former substance, but to an extent which meets the lareer requirements of modern 
mes. .... In the edition just brought out, the work has again been revised by 
rofessor Young. He has modernised the notation throughout, introduced a few 
ua^n^phs here and there, and corrected the numerous typographical errors which 
ive escaped the eyes of the former Editor. The book is now as complete as it is 

Msible to make it We have carried our notice of this book to a greater • 

ngth than the space allowed us justified, but the experiments it contains are so 
terestin^, and the method of describing them so clear, that we may be excused for 
rersteppmg our limit. It is an instructive book for the student, and a Text- 
xSk. for him who having once mastered the subjects it treats of, needs occasionally to 
&esh his memory upon them." — Building News. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H. 
DowLiNG, C. E. Second Edition, revised and enlarged. 8vo, 
lOf. dd. strongly bound. ' * 1 

" Mr. Bowling's Tables, which are well put together, come just in time as a ready 
:ckoner for the conversion of one system into the other." — Atkenteum. 

** Their accuracy has been certified by Professor Airy, the Astronomer-Royal.**— 

uilder. 

"Resolution B.—Thsit advantage will be derived ?Tom ^e t«c«oX. -waJ^xcaJoss^w /^V 

ftric Tables, hy C. H. Dowling, CE.**— Report of StctumF^ BritUK Awocxatxat^, 
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C 

I 

Inwood's Tables, greatly enlarged and tmprovei 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; .Annuities, Advowsons, &c, and for Ac 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c, together with Smart''s Five Tables of Compound 
Interest, and an Extension of the same to Lower and Intermediate 
Rates. By William Inwood, Architect. The i8th edition, with J 
considecable additions, and new and valuable Tables of Logarithms 1 
for the more Difficult Computations of the Interest of Money, Dis- I 
count. Annuities, &c., by M. FjfeooR Thoican, of the Sod^te I 
Credit Mobilier of Paris. i2mo, &f. cloth. | 

*^ This edition {the \%th) differs in many important, particulars 
frovt former ones. The changes consist, first, in a more comfenimt 
and systematic arrangement oftkeoriginal Tables, and in the remcrval 
of certain numerical errors which a very careful revision of the whole 
has enabled the present editor to discover ; and secondly, m the 
extensidn €f practical utility conferred on the work by the introduction 
of Tables now inserted for the first time. This new and impOTiant 
matter is all so much actually added to Inwood's Tables ; nothing 
has been abstracted from the original collection: so that those who have 
been long in the habit of coftsulting Inwood for any special prof es- . 
sional purpo^ will, as heretofore, find the information sought stiUin 
its pages. 

'* Those interested in the purchase and sale of estates, and in the adjustment of 
compensation cases, as well as in transactions in annuities, life insuraiftces, &c., will 
find the present edition of eminent service."— £fi£itteeriHg^. 

Geometry for tJie Architect^ Engineer^ &c, 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic ; giving Rules for the Delineation and App^katioa of 
various Geometrical Lines, Figures and Curves. By E. W. Tarn, 
M.A., Architect, Author of "The Science of Building," &c 
With 164 Illustrations.. Demy 8vo. 12s. 6d. [^Now rtaufy. 

*' No book with the same objects in view has ever been puSlisbed in vi^ikh tbe 
clearness of the rules laid down and the illustrative diagrams have been so satis- 
factory. " — Scotsman. 

Compound Interest and Annuities, 

THEORY of COMPOUND INTEREST and ANNUITIES ; 

with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. With an elaborate Intro- 
duction. By Fedor Thoman, of the Society Credit Mobilier, 
Paris. i2mo, cloth, 5^. 



n 



'A very powerful work, and the Auihot "Vvas «l xepj xcxnaiysa^ti ^q qvm awA. ^>s 
subject."— jPrqfessor A. de Morgan. 
*' We recommend it to the noUce oi acUiat^es axw^ ;^ccQ^\ax.xsr - Atlven«um. 
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SCIENCE AND ART. 



The Military Sciences, 

AIDE-MjfeMOIRE to the MILITARY SCIENCES. Framed 
fiom Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Ropral Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, royal 8vo, extra 
cla& boards, and lettered, price 4/. \os, 

"A compendious encyclopaedia of military knowledge, to which we are greatly in- 
cbted." — Mdmbt4t^k Keview. 

" The most comprdfiensive wor]^ of reference to the military and collateral sciences. 
Lmong the list of contributcx'S, some seventy-seven in number, will be found names of 
» hi^eet distinction in the services." — Volunteer Servict Gazette. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY, MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, cloth, with separate Atlas of I2 Plates, price I2J. complete. 

Vaval Science, Edited by E, J , Reed, C,B, 

NAVAL SCIENCE : a Quarterly Magazine for Promoting the 
Improvement of Naval Architecture, Marine Engineering, Steam 
Navigation, and Seamanship. Edited by E. J. Reed, C.B., late 
ChiefConstructor of the Navy. Copiously illustrated. Price 2j. (yd. 
No. 5, April, 1873, now ready. (Vol. I., containing Nos. i to 3, 
may also be had, cloth boards, price \os. 6d.) 

* The €<mtninitors include the most Eminent Authorities in the several 

branches of the above subjects. 

lye- Wares and Colours, 

THE MANUAL of COLOURS and DYE- WARES : their 

Properties, Applications, Valuation, Impurities, And Sophistications. 

• For the Use of Dyers, Printers, Dry Salters, Brokers, &c. By J. 

W. Slater. Post 8vo, cloth, price 7^. dd. {Recently published, 

** A ^omplete encycIopa:dia of the materia tinctoria. The information given 
spec^g each article is full and precise, ard the methods of detcrmimng the value 
' articles such as these, so liable to sophistication, are given with clearness, and are 
imctical as well as valuable.**— C^ivew/ and Druggist. 

electricity, 

A MANUAL of ELECTRICITY ; including Galvanism, Mag- 
netism, Diamagnetism, Electro-Dpiamics, Magno- Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S., 
Lecturer on Chemistry at St. George's HoRpitaL Fourth Edition, 
entirely rewritten. Illustrated by 500 Woodcuts. 8vo, i/. 4f. cloth. 

** The commendations already bestowed in tVve pa:ge& ol \3ttft Lancet ^siv >2Dft. 1<5!to«s. 
itions of this work are more than ever merited \>v tYve preswvX^ T^rr *iyct»asc<s.^**sv 
ehctricky and galvanism arc not <mly compWe Va a s»e\iSa$«: %«BSfc,\>>aX^^'^w^Ma.^' 
?r thiifg, are popular and interesting." — Lancet. 



>s»"a. 
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Text-Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY: m- 
eluding Magnetism, Voltaic Electricity, Electro- Magnetism, Dia* 
magnetism, Magneto-Electricity, Thermo-Electricity, and Electric 
Telegraphy. Being a Condensed Resume of the Theory and Ap- 
plication of Electrical Science, including its latest Practical Deve- 
lopments, particularly as relating to Aerial and Submarine Tele- 
graphy. By Henry M. Noad, Ph.D., Lecturer on Chemistry at 
St. George's Hospital. Post 8vo, 400 Illustrations, I2j. 6</. doth. 

' ' We can recommend Dr. Noad's book for clear style, great range of subject, a good 
index, and a plethora of woodcuts." — Atheneeufn. 

" A most elaborate compilation of the facts of electricity and magnetism, and of the 
theories which have been advanced concerning them." — Popular Scietice Review. 

" Clear, compendious, compact, well illustrated, and well printed." — Lancet. 
'* We can strongly recommend the work, as an admirable text-book, to every student 
— beginner or advanced — of electricity." — Engineering. 

" Nothing of value has been passed over, and nothing given but what will lead to-a 
correct, and even an exact, knowledge of the present state of electrical science."— 
Meduinic^ Magazitie. 

" We know of no book on electricity containing so much information on experi- 
mental facts as this does, for the size of it, and no book of any size that contains so 
complete a range of {acXs.**— English Mechanic. 

Rtidimentary Magnetism, 

RUDIMENTARY MAGNETISM : being a concise exposition 
of the general principles of Magnetical Science, and the purposes^ 
to which it has been applied. By Sir W. Snow Harris, F.R.S.* 
New and enlarged Edition, with considerable additions by Dr. 
Noad, Ph.D. With 165 Woodcuts. i2mo, cloth, 4f. 6^/., cloth 
limp, 3J-. (id. \_Now ready. 

" There is a good index, and this volume of 412 pages may be considered the best 
possible manual on the subject of magnetism." — Mechanic^ Magazine. 

"As concise and lucid an exposition of the phenomena of magnetism as we believe 
it is possible to write." — English Mechanic. 

" Not only will the scientific student find this volume an invaluable book of refer- 
ence, but the general reader will find in it as much to interest as to inform his mind. 
Though a strictly scientific work, its subject is handled in a simple and readable 

style. " — Illustrated Review. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of ** Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise of Chemical Analysis." Illustrated with Woodcuts. 
Second and cheaper Edition, post 8vo, 9J. cloth. 

"We recommend this book to the careful perusal of every one ; it may be truly 
.iffirmed to be of universal interest, and we strongly recommend it to our r^ulers as a 
guide, alike indispensable to the howscv/VJeas \o Uut '^Wttna.c^wuca.l practitioner.'*— 
ul/edicai Times. 
" The very best work on the subiecl Ocie ^w^^^vsV ^t«& \«s. -jex vcQ^>aK.n^^— M»- 
r/uznics' Magazine, 



I 
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Sciefice and Art. 

THE YEAR-BOOK of FACTS in SCIENCE and ART ; ex- 
hibiting the most important Improvements and Discoveries of the 
Past Year in Mechanics and the Useful Arts, Natural Philosophy, 
Electricity, Chemistry, Zoology and Botany, Geology and Mine- 
ralogy, Meteorology and Astronomy. By John Times, F.S.A., 
Author of "Curiosities of Science," "Things not Generally 
Known," &c With Steel Portrait and Vignette. Fcap. 51. cloth. 

*^ This workf published anmially^ records the proceedings of the 
principal scientific societies, and is indispensable to all who wish to 
possess afaithhil record of the latest novelties in science and thwarts. 

The back Volumes, from 1 861 to 1871, each containing a Steel 
Portrait, and an extra Volume for 1862, with Photograph, may still 
be had, price 5^. each. 

** Persons who wish for a concise annual summary of important ^ientific events will 
find their desire in the 'Year Book of Facts.' " — Athetueum. 

** The standard work of its class. Mr. Timbs*s * Year Book ' is always full of sugges- 
tive and interesting matter, and is an excellent risutni of the year's progress in the 
sciences and the arts." — Builder. 

** A correct exponent of scientific progress .... a record of abiding interest If 
anyone wishes to know what progress science has made, or what has been done in any 
branch of art during the past year, he has only to turn to Mr. Timbs's pages, and 
is sure to obtain the required information." — Mechanic^ Magazine. 

" There is not a more useful or niore interesting compilation than the * Year Book of 
Facts.* . . . The discrimination with which Mr. Timbs selects his facts, and the admi- 
laUe manner in which he condenses into a comparatively short space all the salient 
features of the matters which he places on record, are deserving of great praise."^ 
RaUway News. 

Science and Scripture, 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— i. 
Alleged Discrepancies ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the Fixed Stars— their Distances and Masses. By Professor 
J. R. Young, Author of "A Course of Elementary Mathematics," 
&c. &c. Fcap. 8vo, price 5j. cloth lettered. 

*' Professor Young's examination of the early verses of Genesis, in connection with 
modem scientific hypotheses, is excellent." — English Churchman, 

*• Distinguished by the true spirit of scientific inquiry, by great knowledge, by keen 
logical abuity, and by a style peculiarly clear, easy, and energetic.'* — Nonconformist. 

** No one can rise from its perusal without being impressed with a sense of the sin- 
gular weakness of modem scepticism."— ^o/J/m/ Magazine. , 

*' A valuaUe contribution to controversial theological literature." — City Press, 

Practical Philosophy. 

A SYNOPSIS of PRACTICAL PHILO'J^O^^SN: , ^^-^s^^^^. 
John Carr, M.A., late Fellow oiTt\Tv.Co^.,C^3cc^Tv^, ^^sass^ 
Edition, iSmo, ^s. cloth. 
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Dr. Lardners Museum of Science and Art, 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. CONTINTS : 
The Planets ; are they inhabited Worlds ? — Weather Prognostics- 
Popular Fallacies in Questions of Physical Science— Latitudes and 
Longitudes — Lunar Influences — Meteoric Stones and Shooting 
Stars — Railway Accidents — Light — Common Things : — Air- 
Locomotion in the United States — Cometary Influences — Common 
Things : Water — The Potter's Art — Common Things : Fire- 
Locomotion and Transport, their Influence and Prc^p:«ss — The 
Moon — Common Things : The Earth — The Electric Telegraph- 
Terrestrial Heat — The Sun — Earthquakes and Volcanoes — Baro- 
meter, Safety Lamp, and Whitworth's Micrometric Apparatus- 
Steam — The Steam Engine — The Eye — The Atmosphere — ^Time 
— Common Thing? : Pumps — Common Things : Spectacles, the 
Kaleidoscope— Clocks and Watches — Microscopic Drawing and 
Engraving — Locomotive — Thermometer — New Planets : Levcr- 
rier and Adams's Planet — Magnitude and Minuteness — Common 
Things: The Almanack— Optical Images — How to observe fthe 
Heavens — Common Things : the Looking-glass — Stellar Universe 
— The Tides — Colour — Common Things : Man — Magnifying 
(ilasses — Instinct and Intelligence — The Solar Microscope — ^'Ile 
Camera Lucidar— The Magic Lantem-^The Camera Obscnra— 
The Microscope — The White Ants : their Manners and Habits— 
The Surface of the Earth, or First Notions of Geography— Science 
and Poetry — The Bee — Steam . Navigation — Electro- Motive 
Power— Thunder, Lightning, and the Aurora Borealis — The 
Printing Press — The Crust of the Earth — Comets — The Stereo- 
scope — The Pre-Adamite Earth — Eclipses — Sound. With up- 
wards of 1 200 Engravings on Wood. In 6 Double Volumes, 
handsomely bound in cloth, gilt, red edges, price £t \s, 

"The 'Museum of Science and Art| is the most valuable contribution that has 
ever been made to the Scientific Instruction of every class of society." — Sir David 
Brewster in the North British Review. 

"Whether we consider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must express our belief that 
there is hardly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable ^tsjcaX^*--Examinsr. 



* * 
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Separate books fortned from the above^ suitable for Workmen^ s 
Libraries, Science Classes, <Sr»f. 

Common Things Explained. With 233 Illustrations, 5j. doth. 

The Electric Telegraph Popularized. 100 Illustrations, 2j. cloth. 

The Microscope. With 147 Illustrations, 2s. cloth. 

Popular Geology. With 201 Illustrations, 2s, 6d. clotb. 

Popular Physics. With 85 Illustrations. 2s, 6d, cloth. 

Popular Astronomy. With 182 Illustrations, 4f^ 6d. cloth. 
Steam and its Uses. WiOa. ^9 l\\\xs\.ta\AOTk&, as, Ol-c^'Ccu ' 
The Bee and White Ants. \^\V\vi'i$lXi\xsU^\Q.\i&,'2^. e^ci^ 
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DR. LARDNER'S SCIENTIFIC HANDBOOKS; 

♦ 

Astronomy, 

THE HANDBOOK OF ASTRONOMY. By Dionysius* 
Lardner, D.C.L., formerly Professor of Natural Philosophy and 
Astronomy in University College, London. Third Edition. Re- 
vised and Edited by Edwin Dunken, F.R.A.S., Superintendent 
of the Altazimuth Depastment, Royal Observatory, Greenwich. 
With 37 plates and upwards of 100 Woodcuts. In i vol. , small 
8vo, cloth, 550 pages, price ^s. 6d. 
" We can cordially recommend it to all those who desire to possess a complete 
nanual of ^hc science and practice of astronomy." — Astronomical Reporter. 

Optics, 

'the HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A. Lond., of University College, London. 
With 298 Illustrations. Small 8vo, cloth, 448 pages, price 5s. 

Electricity, 

THE HANDBOOK of ELECTRICITY, MAGNETISM, and ' 
ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 
B.A., F.C.S. With 400 Illustrations. Small 8vo, cloth, price 5s. 

** The book could not have been entrusted to any one better calculated to preserve 
ic terse and lucid style of Lardner, while correcting his errors and bringing up his 

orit to the present state of scientific kpowledge." — Popular Science KevUw. 

Mechanics, 

THE HANDBOOK OF MECHANICS. \_Repriniing, 

hydrostatics, 

THE HANDBOOK of HYDROSTATICS and PNEUMA- 
TICS. New Edition, Revised, and Enlarged by Benjamin 
LoEWY, F.R,A.S. With numerous Illustrations. [/« ///^ press. 

Heat, 

THE HANDBOOK OF HEAT. New Edition, Re-written and 
Enlarged. By Benjamin Loewy, F.R. A. S. [Preparing. 

Animal Physics, 

THE HANDBOOK OF ANIMAL PHYSICS. With 520 
Illustrations. [New Edition in preparation. 

Electric Telegraph, 

THE ELECTRIC TELEGRAPH. New Edition. Revised 
and Re-written by E. B. Bright, F.R.A.S. 140 Illustrations. 
Small 8vo, 3^. (>d. cloth. 
" One of the most readable books extant on the Electric Telegraph." — Eng. MecJianic. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner 
328 Illustrations. Fourth Edition, i vol. 3^. (id. cloth. 
**A very convenient class-book for junior students in private schools. It is in- 
'eaded to convey, in clear and precise terms, general notions of all the principal 
divisions of Physi«il Science." — British Quarterly Review. 

ANIMAL VBYSIO'LOQY FOR SCKOOl.^. ^^\i^.\.KMB>go£x., 
With igo liiustrations. Second EAitVoxv. 1 ncA.. 'J^. ^. O^^^s^ic^ . 
"C/ear/y uritten^wel] arranged, and catQc\leivt\y VWusXiatcA."— GardcncV ^QMrirnMM 
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Geology and Genesis Harmonised, * 

THE TWIN RECORDS of CREATION; or, Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor Le Vaux. With numerous Illustrations. 
Fcap. 8vo, price 5^. cloth. 

" We can reeommend Mr. Le Vaux as an able and interesting guide to a popular, 
appreciation of geological science." — Spectator. 

*'The author combines an unbounded admiration of science with an imbotlnded 
admiration of the Written Record. The two impulses are balanced to a nicety; and 
the consequence is^ that difficulties, which to minds less evenly poised, would be 
serious, find immediate solutions of the happiest kinds." — London Review. 

" Vigorously written, reverent in spirit, stcA^ed with instructive geological fects, and 
designed to show that there is no discrepancy or ^consistency between the Word and 
the works of the Creator. The future of Nature, m connexion with tfie glorious destiny 
of man, is vividly conceived." — 'Watchman. 

"No real difficulty is shirked, and no sophistry is left unexposed." — The Rock. 

Geology, Physical, 

PHYSICAL GEOLOGY. (Partly based on Major-General 

« Portlock's Rudiments of Geology.) By Ralph Tate, A.L.S., 

F.G.S. Numerous Woodcuts. i2mo, 2j. \Ready. 

Geology^ Historical, 

HISTORICAL GEOLOGY. (Partly based on Major-General 
Portlock's Rudiments of Geology.) By Ralph Tate, A.L.S., 
F.G.S. Numerous Woodcuts. i2mo, 2j. 6^. \^Ready. 

** Or Physical and Historical Geology, bound in One 
Volume^ price ^s. 

Wood- Carving, 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, price is. 6d. 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from * A Lady's' publication." — AtheneFum. 

" A real practical guide. It is very complete." — Literary Churchman. 

" The directions given are plain and easily understood, and it forms a very good 
introduction to the practical part of the carver's art." — English Mechanic. 

Popular Work on Painiing, 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Gullick, 
Painter, and John Timbs, F.S.A. Second Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, 6^. cloth. 



*^* This Work has been adopted as a Prize-book in the Schools of 
Art at South Kensington. 

" A work that may be advantageously consulted. Much may be learned, even by 
those who fancy they do not require to be taught, from the careful perusal of this 
unpretending but comprehensive treatise.** — Art Journal. 

" A vahiable book, which supplies a want. It contains a large amount of original 
matter, agreeably conveyed, and will be found of value, as well by the young artist 
seeking information as by the general reader. V^T^ ^Nfe^LCotdvai wd.come to the bo^, 
and augur for it an increasing reputauotv." — Builder. 
" This volume is one that we can ^vearXAVv recovuxiveTv^ \.o ^ >«\v^ «c^ ^<Q»sQ>a& Ov 
twdcratanding what they admire in a good vaixvutv^:'— Daily Nru)s. 
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Velamottis Works on Illumination & Alphabets, 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, price 9J. Elegantly bound, cloth antique. 

"A handy book, beautifully illustrated ; the text of which is well written, and cal- 
tulated to tie usefuL . . . The examples of ancient MSS. recommended to the student, 
rhich, with much good sense, the author chooses from collections accessible to all, are 
elected with judgment and knowledge, as well as taste." — Athemeum. 

t 

DRNAMENTAL ALPHABETS, ANCIENT and MEDIEVAL ; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, large and small, German, Italian, Arabesque, Initials 
for Illumination, Monograms, Crosses, &c. &c., for the use of 
Architectural and Engineering Draughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c &c. &c. Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 41. cloth. 

"A well-known engraver* and draughtsman has enrolled in this useful book the 
esult of many years' study and research. For those who insert enamelled sentences 
ound gilded chatices, who blazon shop legends over shop-doors, who letter church 
rails with pithy sentences from the Decalogue, this book will be usefuL" — Athetueum, 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque ; with several Original 
Designs, and an Analysis of the Roman and Old English Alpha- 
bets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4f. cloth. 

" To artists of all classes, but more especially to architects and engravers, this very 
landsome book will be invaluable. There is com{>rised in it every possible shape into * 
rhich the letters of the alphabet and numerals can be formed, and the talent which 
las been expended m the conception of the various plain and ornamental letters is 
f onderfuL **— -Standard. 

tfEDIi^VAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. ByF. Delamotte, Illuminator, Designer, and 
Engraver on Wood. Containing 21 Plates, and lUuminated Title, 

J printed in Gold and Colours. With an Introduction by J. Willis 
Brooks. Small 4to, 6j. cloth gilt. 

** A volume in which the letters of the alphabet come forth glorified in gilding and 
ill the colours of the prism interwoven and intertwined and intermingled, sometimes 
irith a sort of rainbow arabesque. A poem emblazoned in these characters would be 
mly comparable to one of those delicious love letters symbolized in a bunch of flowers 
veil selected and cleverly arranged." — Sun. 

FHE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
ti.cal Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved "b^ ¥. \i'«.\.tJfc»\w\"^^ "wn.^ 
printed in Colours, Oblong royal Svo, 2s. M. Va. oTaassvec&s\\i'^'»s^'^' 
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AGRICULTURE, &c. 



Yoiiatt and Burris Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
]ii<EEDER'S ASSISTANT. A Compendium of Husbandry, 
liy William Y.ouatt, Esq., V.S. nth Edition, enlarged by 
Robert Scott Burn, Author of "The Lessons of My Fann," &c 
One large 8vo volume, 784 pp. with 215 Illustrations, i/. ix. half-bd. 



CONTENTS. 



On tJte Bretdiug^ Rgflring^ Fattening^ 
atui Crcueral Management of Neat Cattle. 
— I u tr< Hluctory View of the diflfercnt Breeds 
of Neat Cattle in Great Britain. — Com- 
parative View of the difTcrent Breeds of 
Neat Catde. — General Observations on 
Biiying and Stocking a Farm with Cattle. 
—The Bull— The Cow.— Treatment and 
Rearing of Calves. — Feeding of Calves for 
Veal,— Steers and Draught Oxen.— Graz- 
ing Cattle. — Summer Soiling Cattle. — 
Winter Box and Stall-feedbg Cattle. — 
Artificial Food for Cattle. — ^Preparati<m 
of Food.— Sale of Cattle. 

On the Econofny and Management of 
the Dairy. — Milch Kine.— Pasture and 
other Food best calculated for Cows, as 
it regards their Milk. — Situation and 
Buildings proper for a Dairy, and the 
proper Dairy Utensils. — Management of 
Milk -and Cream, and the Making and 
Preservation of Butter. — Making and Pre- 
servation of Cheese. — Produce of a Dairy. 

On tlu Breedings Rearing, and Ma- 
uagcrttent of Farm-horses. — introductory 
and Comparative View of the diflTerent 
Breeds (if Farm-horses,— Breeding Horses, 
Cart Siallions and Mares. — Rearing and 
Training of Colts. — Age, QuaUfications, 
'and Sale of Horses. — Maintenance* aad 
Labour of Farm-horses. — Comparative 
Merits of Draught Oxen and Horses. — 
Asses and Mules. 

On ifie Breeding, Rearing, and Fat- 
tening of Sheep. — Introductory and Com- 
parative View of the different Breeds. — 
Merino, or Spanish Sheep. — Breeding and 
Management of Sheep. — Treatment and 
Rearing of House-lam b8,Feedingof Sheep, 
Folding Sheep, Shearing of Sheep, &c. 

Oh the Breeding, Rearing, and Fat- 
tening 0/ Swine. — Introductory and Com- 
parative View of the different Breeds of 
Swine. — Breeding and Rearing of Pigs. — 
Feeding and Fattening of Swine. — Curing 
Pork and Bacon. 



On tiu Diseases of Caiiie.-^Dvxue& 
Incideot to Cattle. — Diseases of Calws.— 
Diseases of Horses. — Diseases o£ Sheep.-' 
Diseases of Lambs. — Diseases Incident to 
Swine. — Breeding and Rearing of Do- 
mestic Fowls, Pigeons, ftc— Pahnipedes, 
or Web-footed kinds. — Diseases of Fowls. 

On Farm Offices and In^fdemtnts of 
Husbandry.— The Farm-house, the Farm- 
yard, and its Offices. — Cofistruction of 
Ponds. — Farm Cottages. — Farm Imple- 
ments. — Steam Cultivation. — Sowing Ma- 
chines, and Manure Distributors.— Steam 
Engines, Thrashing Machines, Com- 
dressing Machines, Mills, Bruising Ma- 
chines. 

On the Culture and Mmmgemeni <^ 
Grass Land, — Size and Shapo of Fields. 
—Fences. — Pasture Land. — Meadow 
Land.— Culture of Grass Land. — Hay- 
making. — Stacking Hay. — Impediments 
to the Scythe and the Eraidication of 
Weeds.— Paring and Burning. — Draining. 
Irrigation. — ^Warping. 

On the Cultivation and Application 
of Grasses, Pulse, and Roots. — Natural 
Grasses usually cultivated. — • Artificial 
Grasses or Green Crops. — Grain and 
Pulse commonly cultivated for theit 
Seeds, for their Straw, or for Green 
Forage. — Vegetables best calculated foi 
Animal Food. — Qualities and Compara- 
tive Value of some Grasses and Roots a: 
Food for Cattle. 

On Afanures in Gentrml, euid thoi$ 
Afflication tO' Grass Land. — V^etabU 
Manures. — Animal Manures. — Fossil anc 
Mineral Manures.— Liquid or Fluid Ma- 
nures, — Composts. — Preservation of Ma 
nures. — Applieati6n ofManures. — Flemist 
System of Manuring. — Farm Accoimts 
and Tables for Calcu&ting Labour by tht 
Acre, Rood, &c., and by the Day, Wedt 
Month, &c.— Monthly Calendar of Worl 
to be done throughout the Year. — Obser 
vations on the Weather. — Index. 



" The standard and text-book, with the farmer and grazier.* — Farmer^ s MagoMtMe. 

" A valuable repertory of intelligence for all who make agriculture a pursuit, anc 
efipccially for those who sum at keeping "paicft Ni\\k \hA \i&?^)ravemfluts of the age."- 
Be/fs Messeftger. 
"A treatise which will rcmaia a gtandaid^^oatW oa >^^ «icv«».^V»». ^^^gcci 
agriculture endures." — Mark Latu Extras, 



WORKS PUBLISHED BY LOCKWOOD & CO. 31 



Scott BuTfis System of Moder7i Farming, 

OUTLINE OF MODERN FARMING. By R. Scott Burn. 

Soils, Manures, and Crops — Farming and Farming Economy, 

Historical and Practical — Cattle, Sheep, and Horses — Management 

of the Dairy, Pigs, and Poultry, with Notes on the Diseases of 

Stocl^ — Utilisation of Town-Sewage, Irrigation, and Reclamation 

of Waste Land. New Edition. In i vol. 1250 pp., half-bound, 

profusely Illustrated, price I2J. 

" There is sufficient stated within the limits of this treatise to prevent a farmer 

rom going far wrong in any of his operations. . . . The author has had great 

lersonal experience, and his opinions are entitled to every respect." — Observer. 

Scott Burns Introduction to Farming, 

THE LESSONS of MY FARM : a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
and Pigs, and in the Keeping of Farm- work Records. By Robert 
Scott Burn, Editor of " The Year-Book of Agricultural Facts," 
&c. With numerous Illustrations. Fcp. 6j-. cloth. 
•* A most complete introduction to the whole roimd of farming practice." — John 

' ' Tliere are many hints in it which even old farmers need not be ashamed to 
ccept," — Morning Herald. 

Tables for Land Valuers, 

THE LAND VALUER'S BEST ASSISTANT: being Tables, 

on a very much improved Plan, for Calculating the Value of 

Estates. To which are added. Tables for reducing Scotch, Irish, 

and Provincial Customary Acres to Statute Measure ; also. Tables 

of Square Measure, and of the various Dimensions of an Acre in 

Perches and Yards, by which the Contents of any Plot of Ground 

may be ascertained without the expense of a regular Survey ; &c. 

By R. Hudson, C.E. New Edition, price 4?. strongly bound. 

" This new edition includes tables for ascertaining the vailue of leases for any term 

f years ; and for showing how to lay out plots of ^ound of certain acres in forms, 

:][uare, round, &c., with valuable rules for ascertaining the probable worth of standing 

mber to any amount ; and is of incalculable value to the coimtry gentleman and pro- 

»stonal man." — Farmer's yoitnt4U. 

4uctioneer's Assistant, 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER^S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c. By John Wheeler, Valuer, &c. 
Third Edition, enlarged, by C. NoRRiS, Royal 32mo, strongly 
bound, price 5.^. \Recently published, 

** A neat and concise book of reference, containing an admirable and clearly- 

Tranged list of prices for inventories, and a very practical guide to determine the 

alue of furniture, &c."-'-St€sndard. 

The Civil Service Book-keying, 

BOOK-KEEPING NO MYSTERY : its Principles populariy ex- 
plained, and the Theory of Double Entry analysed. By an Expe- 
RiENCED Book-Keeper, late oi H.^. C\m ^^tsKkj^, ^-^^css^ 
Edition. Fcp, 8vo. price 2J. dotK . , .^, 

"A book which brings the so-called mvslcties vnSCknsi ^^ cwsvvi^^^'^'^'^ ^ 

iplest capacity."—Sund^ Timet. 
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''A Complete Epitome of the Laws of this 
Country y 

EVERY MAN'S OWN LAWYER ; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. loth Edition, 
carefully revised, including a Summary of the Ballot Act, The 
Adulteration of Food Act, The Masters' and Workmen's Arhitra- 
tion Act, the Reported Cases of the Courts of Law and Equitv, Ac 
With Notes and References to the Authorities, i2mo, price Of. 8^. 
(saved at every consultation), strongly bound. 

\^Now ready. 

Comprising the Rights and Wrongs of Indvviduals^ Mercantile and Com- 
mercial Law^ Criminal Law, Parish Law, County Court Law, 
Game and Fishery Laws, Poor MerCs Lawsuits, 

THE LAWS OF 
Bankruptcy— Bills of Exchange — Contracts and Agrbbments — Copyright 
— Dower and Divorce — Elections and Registration — Insurance — Libel 
AND Slander — Mortgages— Settlements— Stock Exchange Practice- 
Trade Marks and Patents — Trespass, Nuisances, etc. — ^Transfbk of 
Land, etc. — Warranty — Wills and Agreements, etc. 

Also Law for 

Landlord and Tenant — Master and Servant— Workmen and Apprentices — Heirs, 
Devisees, and Legatees — Husband and Wife — Executors and Trustees — Guardian 
and Ward — Married Women and Infants — Partners and Agents — Lender and 
Borrower — Debtor and Creditor — Purchaser and Vendor — Companies and Asso- 
ciations — Friendly Societies — Clergymen, Churchwardens — Medical Practitioners, 
&c. — Bankers — Farmers— Contractors — Stock and . Share Brokers — Sportsmen 
and Gamekeepers — Farriers and Horse-Dealers — Auctioneers, House-Agents— 
Innkeepers, &c. — Pawnbrokers — Surveyors — Railways and Carriers, &c. &c 
*• No Englishman (night to be without this book . . . any person perfectly unin- 
formed on legal matters, who may require sound information on unknown law points, 
will, by reference to this book, acquire the necessary information ; and thus on many 
occasions save the expense and loss of time of a visit to a lawyer.'* — Engineer. 

" It is a complete code of English Law, written in plain language which all can 
understand . . . should be in the hands of every business man, and all who wish to 
abolish lawyers' bills." — Weekly Times. 

" A useful and concise epitome of the law, compiled with considerable care.**— ZtfW 

JIag/izi/ie. 

" What it professes to be — a complete epitome of the laws of this country, thoroughly 
intelligible to non-professional readers. The book is a handy one to have in r«uli« 
ness when some knotty point requires ready solution." — BelVs Life, 

Pawnbrokers Legal Guide, 

THE PAWNBROKERS', FACTORS', and MERCHANTS' 
CUIDE to the LAW of LOANS and PLEDGES. With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and 
Criminal, as to Loans and Pledges of Goods, Debentures, Mercan- 
tile, and other Securities. By H. C. Folkakd, Esq., of Lincoln's 
Inn, Barrister-at-Law, Author of the **Lawof Slander and Libel," 
&c. i2mo, cloth boards, price *]s. [Just published. 

The Laws of Mines and Mining Companies, 

A PRACTICAL TREATISE on the LAW RELATING to 
MINES and MINING COM^K^IS-'S^. ^^j ^J^wrrto^ R^^^. 
VBiA., Attomey-al-Law. Ctovm%so. \s. Oioi^. 

Bradbury, Ague^,fc Oo..5TVnX««.^^VX«itiw^,^^^^^. 
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'' NEW LIST 

WEALE' 

MDIHENTAM, SCIENTIFIC, EDrCATIONAL, 
AND CLASSICAL SERIES, ' 




Mngineen, Architects, Builden, ArtisaTU, and StMdenU 
generally, as veil as to tiwse interested in Workmen's 
Libraries, Free Libraries, Literary and Setentifie Insti- 
tutions, Colleges, Schools, Science Classes, de., dc. 

■.* THE ENTIRC SERIEI IS FREELY ILLUITRATED WHERE 

REQUISITE. 

(lAt Vakmu* contmiud in thii Lot art iomii hi limp ilatX, exe^ 

whtrt othtncit tftltd, ) 

AGRICULTURE. 
66. OLAT LAimS ASD LOAM? SOUS, b? J. Doiul^on. I5. 

140. SOILS, UAfiUEES, AND CKOPS, bj S. Bcott Biun. 2>. 

141. PAfiUING, AND FARHmG ECONOMT, Hiatwical nd 

Practical, bf £. Scott Bum. 3t. 

142. CATTLE, SHEEP, AND HOESES, by B. Scott Burn. 2i. ed. 
146. MANAGEMENT OP THE DAIBY— PIGS— FOULTET, 

by R. Scott Bum. With Not« on the Diseasea of Stock. 2s. 

146. UTILISATION OP TOWN SEWAGE— lERIGATION— 
BBCLAMATION OF WASTE LAND, br E. Soott Bom. 
2..M. 
JVu. 140, 141, lU, lis, nd Ite Umad m 3 voU., doOi boatdi, IK. 

177. CnLTUEE OP FEUIT TEEES, by De Breuil. 187 Wood- 
cuts. 3s. Od. 

LOCKWOOD k CO, 7, STATlOBEBa Bk\i- CWS^iS. 
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2 ARCHITECTURAL AND BUILDING WORKS. 

ARCHITECTURE AND BUILDING. 

16. ARCHITECTURE, Orders of, by W. H. Leeds. U. ^.\ Ini ,„ 

17. Styles of, by T. Talbot Bury. Is. Qd,]^ \ 

18. Principles of Design, by E. L. Garbett 2i. 

Nos, 16, 17, and 18 in 1 vol, cloth boards, 5s. 6d. 

22. BUILDING, the Art of, by E. Dobson. Is. ^. 

23. BRICK AND TILE MAKING, by E. Dobson. Ss. 

25. MASONRY AND STONE-CUTTING, by E. Dobson. 2s.U. 

30. DRAINAGE AND SEWAGE OP TOWNS AND BUILD 
IN(^, by G. D. Dempsey. 2s. 

With No. 29 {See page 4), Drainage of Districts and Lands^ 3s. 

35. BLASTING & QUARRYING OP STONE, by Bupgoyne. Is.U. 

36. DICTIONARY OP TECHNICAL TERMS used by Apchiteota, 

Builders, Engineers, Surveyors, &c. New ^Edition, revised 
and enlarged by Robert Hunt, F.G.S. [Nearly ready, 

42. COTTAGE BUILDING, by C. B. Allen. Revised and Enlarged 
Edition. [Inthe prm. 

44. FOUNDATIONS & CONCRETE WORKS, by Dobson. \sM. 

45. LIMES, CEMENTS, MORTARS, &o., by Bumell. Is. W. 
67. WARMING AND VENTILATION, by 0. Tomlinson, F JI.S. 3i 
83**. DOOR LOCKS AND IRON SAFES, by Tomlinson. 2a. U. 
111. ARCHES, PIERS, AND BUTTRESSES, by W. Bland. UW. 
1 16. ACOUSTICS OF PUBLIC BUILDINGS, by T.R. Smith. \sM. 
123. CARPENTRY AND JOINERY, founded on Robison and 

Tredgold. Revised and Enlarged Edition by E. W. Tarp, 
M.A., Architect. [/» theprm. 

123*. ILLUSTRATIVE PLATES to the preceding*. [Preparing. 
V2A. ROOFS FOR PUBLIC AND PRIVATE BUILDINGS, 

founded on Robison, Price, and Tredgold. \s. Qd. 
124*. PLATES OF RECENT IRON ROOFS. 4to. [_Beprinting. 

127. ARCHITECTURAL MODELLING IN PAPER, Practical 

Instructions, by T. A. Richardson, Architect. Is. 6d. 

128. VITRUVrUS'S ARCHITECTURE, by J. Gwilt, Plates. 6*. 

130. GRECIAN ARCHITECTURE, Principles of Beauty in, by 
the Earl of Aberdeen. 1*. 

Nos. 128 and 130 in 1 vol. doth boards. Is. 

132. ERECTION OP DWELLING-HOUSES, with Specifications, 
Quantities of Materials, &c., by S. H. Brooks, 27 Plates. 2«.6i 

\m. QUANTITIES AND MEASUREMENTS, by Beaton. It. U. 

175. BUILDERS' AND CONTRACTORS' PRICE-BOOK, by 

G. R. Burnell. 3*. 6^. [Now ready. , 
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ARITHMETICAL AND MATHEMATICAL WORKS. 



ARITHMETIC AND MATHEMATICS. 

MATHEMATICAL INSTRUMENTS, THEIR CONSTRUC- 
TION, USE, &c., by J. F. Heather. Original Edition in 
1 vol. Is, 6d, 

* In ordering the above, be careful to say ** Original Ediiiony* to 
distinguish it from the Enlarged Ed. 3 vols,, advertised on page 4, 

LAND AND ENGINEERING SURVEYING, by T.Baker. 2f. 

. READY RECKONER for the AdmeaBurement and Yaluation 
of Land, by A. Arman. Ig. 6< ?. 

GEOMETRY, DESCRIPTIVE, with a Theory of Shadows and 
Perspective, and a Description of the Principles and Practioa 
of Isometrical Projection, by J. P. Heather. 2s. 

COMMERCIAL BOOK-KEEPING, by James Haddon. 1*. 

ARITHME TIC, with numerous Examples, by J. R. Young, la, 6rf. 

. KEY TO THE ABOVE, by J. R. Young. Is, 6(^. 

EQUATIONAL ARITHMETIC: including Tables for the 
Calculation of Simple Interest, with Logaritmns for Compound 
Interest, and Annuities, by W. Hipsley. 1*. 

. SUPPLEMENT TO THE ABOVE, \s, 

85 and 85* in 1 vo/., 2s. 

ALGEBRA, by J. Haddon. 28, 

, KEY AND COMPANION to the above, by J. R. Young. l*.6rf. 

THE ELEMENTS OF EUCLID, with Additional Proposition*, 

and Essay on Logic, by H. Law. Part I. Books i., ii., & iii. 1*. 
THE ELEMEI^S OF EUCLID. Part II. Books iv., v., 

vi., xi., & xii. 1*. 6«f. 

Nos. 88 and 89 in 1 vol, cloth limpy 2s, 6c?. 

ANALYTICAL GEOMETRY AND CONIC SECTIONS, by 
J. Hann. New Ed., improved & re- written by J. R, Young. 2». 
PLANE TRIGONOMETRY, by J. Hann. Is, 
SPHERICAL TRIGONOMETRY, by J. Hann. U. 

Nos. 91 and 92 in 1 vol,, 2s, 

MENSURATION, by T. Baker. Is, Qd, 

MATHEMATICAL TABLES, LOGARITHMS, with Tables of 
Natural Sines, Cosines, and Tangents, by H. Law, C.E. 2s, Qd, 

. DIFFERENTIAL CALCULUS, by W. S. B. Woolhouse. 1*. 

». WEIGHTS, MEASURES, AND MONEYS OF ALL 
NATIONS ; with the Principles which determine the Rate of 
Exchange, byW. S. B. Woolhouse. 1*. 6d, 

. INTEGRAL CALCULUS, RUDIMENTS, by H. Cox, B.A. 1*. 

. INTEGRAL CALCULUS, Examples on, by J. Hann. 1*. 

. DIFFERENTIAL CALCULUS, Examples, by J. Haddon. 1*. 

. ALGEBRA, GEOMETRY, and TRIGONOMETRY, in Easy 
Idjiemonical Lessons, by tiie Rev. T. P. Kirkman. la. 6d. 

. SUBTERRANEOUS SURVEYING, and the Magnetic Vari- 
ation of the Needle, by Fenwick and Baker. 2s, 6d. 

Z, STATIONERS' HALL COURT, lAJDOKTE. ^ttX^A.. 



CIVIL El^GIlfEERIirG WORKS. 



131. BBADY-BECKONEB FOA MILLESS, FARMBBS, ASD 
MERCHANTS, showing tlie Value of any Qoantily of Corn, 
witiitheAppctmiiiateViiTiAiofMm-rtoDes4MmWori^ 1<. 

136. BUDIMENTABY ABrTHMSTIO, hf J. Haddon, edited I7 

A. Annan. 1^. 6<2. 

137. KEY TO THE ABOVE, by A. ArauHi. Is, 6rf. 

147. STEPPING STONE TO ABITHMETIO, bj A. Amum. li. 

148. KEY TO THE ABOVE, hy A. Anuui. U 

158. THE SLIDE RULE, AND HOW TO USE IT. With 
Slide Bale in a podcat of oofer. S«. 

168. DBAWma AND MEASUBING INSTBUMBNTS. In- 

cludii^ — Instruments enqiloyed in Geometrical and Mecha- 
nical Drawing, tbe Construction, Copying, and MeasniemflBt 
of Maps, Plans, &«., by J. F. Hsathxb, MJL It. 6i(L 

169. OPTICAL INSTBUMENTS, naoro especially TdeMsopei, 

Microscopes, and Apparatus for groduemg copies of M&p 
and Plans by Photography, by J. F. Heatiur, M.A, la. Qd. 

170. SURVEYING AND ASTRONOMICAL INSTBUMENTS. 

Including — Instruments Used for Determining ihe Geome- 
trical Features of a portion of Ground, and in ABtronomieal 
Obeenrations, by J*. F. Heathse, M.A. Is. ^. 

* ^fc ♦ The above three volumes form an enlargement of the Author's 
original work, " Mathematical Inetrumente^** the Tenth Editim 
of which {No. 82) is still on sale, price Is, 6d, 

178. PRACTICAL PLANE GEOMETRY : Giying the Simplest 

Modes of Constructing Figures contained in one Plane, by 
J. F. Heath£r, M.A. 2s, 

179. PROJECTION, Orthographic, Topographic, and Permetire: 

giying the yarious modes of Ddinesimg Solid Forms by Con- 
structious on a Single Plane Surface, by J. F. Heather, M.A 

[In preparation, 

*»• The above two volumes^ with the Author* s work already in 
the Series, '^Descriptive Oe&metry** (see page 3), will form a 
complete Elementary Course of Mathematical Drawing, 



CIVIL ENGINEERING. 



13. CIVIL ENGINEERING, by H. Law and G. B. BomelL Fifth 
Edition, with Additions. 5^. 

29. DRAINAGE OF DISTRICTS AND LANDS, by G.D.Demps^. 

Is, Qd. 
WiO, JVb. 80 ^Seepage 3), Drainage and Sewage of Towns, 8c 

PUBLISHED BY 1.0C1LYIOO\> k CO., 



WORKS IN FINE ARTS, ETC. 

^ 



31. WELL-SINKING, BORING, AND PUMP WORK, by J. G. 
Swindell, reyised by G. R. Burnell. Is, 

43. TUBULAR AND IRON GIRDER BRIDGES, including the 
Britannia and Conwi^ Bridges, by G. D. Dempsey. Is, 6d, 

46. ROAD-MAKING AND MATNTENANCE OF MACADA- 
MISED ROADS, by Field-Marshal Sir J.F.Burgoyne. Is.Qd 

62. RAILWAY CONSTRUCTION, by Sir M. Stephenson. With 
Additions by E. Nugent, C.E. 2s, Qd, 

62». RAILWAY CAPITAL AND DIVIDENDS, with Statistics of 
Working, by E. D. Chattaway. 1«,- 

JVb. 62 and 62* in 1 vol., 2s, 6d. 

30». EMBANKING LANDS FROM THE SEA, by J.Wiggins. 28. 
82**. GAS WORKS, and the PRACTICE of MANUFACTURING 

and DISTRIBUTING COAL GAS, by S. Hughes. 3*. 
S2***. WATER-WORKS FOR THE SUPPLY OF CITIES AND 

TOWNS, by S. Hughes, C.E. New and Revised Edition. 4s, 

[Now ready. 
118. 0IVI6 ENGINEERING OP NORTH AMERICA, by D. 

Stevenson. 3^. 

120. HYDRAULIC ENGINEERING, by G. R. Burnell. 3*. 

121. RIVERS AND TORRENTS, with the Method of Regulating 

their Course and Channels, Navigable Canals, &o., from die 
Italian of Paul Frisi. 2s, 6(2. 



EMIGRATION. 

154. GENERAL HINTS TO EMIGRANTS. 2s, 

157. EMIGRANT'S GUIDE TO NATAL, by R. J. Mann, M.D. 2^. 

159. EMIGRANT'S GUIDE TO NEW SOUTH WALES. 

WESTERN AUSTRALIA, SOUTH AUSTRALIA, VIC- 
TORIA, AND QUEENSLAND, by James Baird,B.A. '2s.f)d. 

160. EMIGRANT'S GUIDE TO TASMANIA AND NEW ZEA- 

LA^ND, by James Baird, B.A. 2s, 



FINE ARTS. 



20. PERSPECTIVE, by George Pyne. 2s. 

27. PAINTING; or, A GRAMMAR OF COLOURING, by G. 
Field. 2s. 

40. GLASS STAINING, by Dr. M. A. Gessert, with an Appendix 

on the Art of Enamel Painting, &c. Is, 

41. PAINTING ON GLASS, from the German of Fromberg. 1<. 
69. MUSIC, Treatise on, by C. C. Spencer. 2s. 

71. THE ART OF PLAYING THE PIANOFORTE, by C. C. 
Spencer. \s. 

7, STATIONERS' HALL COURT, lAIDCikT^ YOXA.. 



WORKS IH BIECHANICS, ETC. 



LEGAL TREATISES. 

50. LAW OP CONTEAOTS FOE WOBSB AND SEBVIOBS, 
bj David Gibbans. Is, 6d» 

107. THE COUNTY COUET GUIDE, by a Bairister. U ^ 

106. METEOFOLIS LOCAL MANAGEMENT ACTS. U. U, 

108*. METROPOLIS LOCAL MANAGEMENT AMENDMENT 
ACT, 1662; with Notes and Index. U. 
Nos. 106 and 108* in 1 voL^ 8s. ed. 

110. RECENT LEGISLATIVE ACTS applying to Contracton, 
MerdiantB, and Tradesmen. Is. 

151. THE LAW OP FRIENDLY, PROVIDENT, BUILDING, 
AND LOAN SOCIETIES, by N. White. 1*. 

103. THE LAW OP PATENTS FOE INVENTIONS, by F. W. 
Gampin, Barrister. 28. 



MECHANICS & MECHANICAL ENGINEERING. 

6. MECHANICS, by Charles Tomlinsoti. Is. Qd, 
12. PNEUMATICS, by Charles TomUnsoa. New Edition. UM: 

33. CRANES AND MACHINERY FOR RAISING HEAVY 

BODIES, the Art of Constructing, by J. Glynn. Is. 6d. 

34. STEAM ENGINE, by Dr. Lardnw. Is. 

59. STEAM BOILERS, their Cmistruction and Management, by 
R. Armstrong. With Additions by R. Mallet. Is. 6d. 

63. AGRICULTURAL ENGINEERING, BUILDINGS, MOTIVE 
POWERS, FIELD MACHINES, MACHINBRY AND 
IMPLEMENTS, by G. H. Andrews, C.E. 38. 

67. CLOCKS, WATCHES, AND BELLS, by B. B. Deniaon. New 

Edition, with Appendix. 3s. 6d. 

Appendix {to the 4th and 5th Editions) separately. Is. 

77*. ECONOMY OF FUEL, by T. S. Prideaux. Is. Qd. 

78. STEAM AND LOCOMOTION, by Sewell. lUeprinfing. 

78*. THE LOCOMOTIVE ENGINE, by G. D. Dempsey. Is. 6rf. 

79*. ILLUSTRATIONS TO ABOVE. 4to. 4s. Qd. [JReprmting. 

80. MARINE ENGINES, AND STEAM VESSELS, AND THB 
SCREW, by Robert Murray, C.E., Engineer Surveyor to the 
Board of Trade. With a Glossary of Technical T^ms, and 
their equi valen ts in French, German, and Spanish. 38. 

82. WATER POWER, as applied to MiUs, &c., by J. Glynn. 28. 

97, STATICS AND DYNAMICS, by T.Baker. New Edition. ls.6d. 

98. MECHANISM AND MACHINE TOOLS, by T.Baker; and 

TOOLS AND MACHINERY, by J. Nasmyth. 2s. ed. 
113*. MEMOIR ON SWORDS, by Matey, translated by Maxwell 1*. 

PUBLISHED BY 'LOCTCWOOTi (a. C«>.^ 
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NAVIGATION AND NAUTICAL WORKS. 7 

:. MACHINEEY,Con8truction»ndWorking,byC.D.AbeL ls,6d, 

K PLATES TO THE ABOVE. 4to. 7*. Qd, 

.. COMBUSTION OF COAL, AND THE PBBVBNTION OP 

SMOKE, by C. Wye WilUams, M.LC.B. 3». 
'. STEAM ENGINE, Mathematical Theory of, by T.Baker. Is. 
I. THE BEASSFOUNDER'S MANUAL, by W. Graliam. 2«.6rf. 
:. MODERN WORKSHOP PRACTICE. ByJ.G.Winton. Ss. 
>. IRON AND HEAT, Exhibiting the Principles concerned in 

the Construction of Iron Beams, Pillars, and Bridge Girders, 

and the Action of Heat in the Smelting Furnace, by James 

Arbiour, C.E. Woodcuts. 2s. Qd, 

;. POWER INJklOTION: Horse Power, Motion, Toothed Wheel 
Gearing, Long and Short Driving Bands, Angular Forces, &c., 
by James Abmoub, C.E. With 73 Diagrams. 2s. &d, 

\ A treatise; on the CONSTRUCTION OP IRON 
BRIDGES, GIRDERS, ROOFS, AND OTHER STRUC- 
TURES, by P. Campin. Numerous Woodcuts. 2s. 

.. THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING, by JoHir Maxtof, Instructor in Engineering 
Drawing, Royal School of Naval Architecture and Marine En- 
gineering, South Kensington. Plates & Diagrams. Ss. 6d, 

I MINING TOOLS. For the Use of Mine Managers, Agents, 
Mining Students, &c., by William Morgans, Lecturer on 
Mining, Bristol School of Mines. 12mo. 2s.6d. 

5*.ATLAS OP PLATES to the above, containing 200 ZUustra- 
tions. 4to. 4«. Qd. 

}. TREATISE ON THE METALLURGY OF IRON ; con- 
taining Outlines of the History of Iron Manufacture, Methods 
of Assay, and Analysis of Iron Ores, Processes of Manufacture 
of Iron and Steel, &c., by H. Bauerman, F.G.S., A.R.S.M. 
Second Edition, revised and enlarged. Woodcuts. 4s. 6d. 

I. COALANDCOALMINING,byW.W.Smyth.'35.6^. [Heady. 



NAVIGATION AND SHIP-BUILDING. 

NAVAL, ARCHITECTURB, by J, Peake. 3*. 

. SHIPS FOR OCEAN AND RIVER SERVICE, Oonsfcruction 

of, by Captain H. A. Sommerfeldt. Is. 
». ATLAS OF 15 PLATES TO THE ABOVE, Drawn for 

Practice. 4to. 7s.^6d. 
MASTING, MAJST-MATONG, and RIGGING OP SHIPS, 

by R. Kipping. Is. Qd. 
. IRON SHIP-BUILDING, by J. Grantham. Fifth Edition, 

with Supplement. 4#. 
*. ATLAS OP 40 PLATES to illustrate the^wsbixi^. <^\a. ^^. 

7, STATIONERS' HALL COUKT, lATDOfelt^ 1SV\A^ 



SCIENTIFIC WORKS. 



65. NA ViaATION ; the Sailor's Sea Book : How to Keep the Log 
and Work it off, Law of Storms, &c., by J. Greenwood. 2i» 

83 bis. SHIPS AND BOATS, Form of, by W. Bland. U. 6d, 

99. NAUTICAL ASTRONOMY AND NAVIGATION, by J. B. 

Young. 28. 

lOO*. NAVIGATION TABLES, for Use with the above. 1». W. 

106. SHIPS' ANCHORS for all SERVICES, by G. CotselL Is. Qd. 

149. SAILS AND SAIL-MAKING, by R. Kipping, N.A. 2j. U 

155. ENGINEER'S GUIDE TO THE ROYAL AND MER- 
CANTILE NAVIES. Revised by D. F. McCarthy. 3*. 



PHYSICAL AND CHEMICAL SCIENCE. 

1. CHEMISTRY, by Prof. Fownes. With Appendix on Agri- 

cultural Chemistry. New Edition, with Index. Is, 

2. NATURAL PHILOSOPHY, by Charles Tomlinson. Is. 6i. 

3. GEOLOGY, by Major-Gen. Portlock. New Edition, Is. Qd. 

4. MINERALOGY, by A. Ramsay, Jun. 3s. 

7. ELECTRICITY, by Sii* W. S. Harris. Is. ^. 

7*. GALVANISM, ANIMAL AND VOLTAIC ELECTRICITY, 
by Sir W. S. Harris. Is. 6d. 

8. MAGNETISM, by Sh- W. S. Harris. New Edition, revised and 

enlarged by H. M. Noad, Ph.D., P.R.S. With 165 woodcuts. 

Ss. Qd, 
11. HISTORY AND PROGRESS OF THE ELECTRIC TELE- 
GRAPH, by Robert Sabine, C.E., F.S.A. 3s. 
72. RECENT AND FOSSIL SHELLS (A Manual of the Molluscs), 

by S. P. Woodward. With Appendix by Ralph Tate. F.G.S. 

6s. 6d. ; in clo th bo ards, 7s. Qd. Appendix separately, Is, 
79**. PHOTOGRAPHY, the Stereoscope, &c., from thd French 

of D. Van Monokhoven, by W. H. Thornthwaite. Is. 6d. 
96. ASTRONOMY, by the Rev. R. Main. New and Enlarged 

Edition, with an Appendix on " Spectrum Analysis." Is. Qd. 

133. METALLURGY OF COPPER, by Dr. R. H. Lambom. 2». 

1 34. METALLURGY OF SILVER AND LEAD, by Lambom. 2». 
1 .35. ELECTRO - METALLURGY, by A. Watt. 2s. 

138. HANDBOOK OF THE TELEGRAPH, by R. Bond. New 
and Enlarged Edition. [Nearly ready. 

143. EXPERIMENTAL ESSAYS— On the Motion of Camphor 
and Modern Theory of Dew, by C. Tomlinson. Is. 

173. PHYSICAL GEOLOGY (partly based on Pordock's " Rudi- 
ments of Geology"), by Ralph Tate, A.L.S., &c. 2s, 

] 74. HISTORICAL GEOLOGY (partly based on Portlock's " Rudi- 
ments of Geology "), by Ralph Tate, A.L.S., &c. 2s. 6(f. 
Nos, 173 ani 174 in 1 vol. cloth limpy is. 6d. 



PUBLISHED BY 1.0CVL^OCi\i &. CCi., 



EDUCATIONAL WORKS. 9 

MISCELLANEOUS TREATISES. 

12. DOMESTIC MEDICINE, by Dr. Ralph Gooding. 28. 

112*. THE MANAGEMENT OF HEALT^, by James Baird. Is. 

113. USB OP FIELD ABTILLEEY ON SBEVICE, by Taubert, 
translated by Lient.-CoL H. H. MaxwelL Is. 6d. 

150. LOGIC, PURE AND APPLIED, by S. H. Emmens. U. W. 

15S, PRACTICAL HINTS FOR INVESTING MONEY, by 
FranoU Playford, Sworn Broker, la. 

158. LOCKE ON THE CONDUCT OP THE HUMAN UNDER- 
STANDING, Selec^ons from, by S. H. Emmens. 2». 



IfEW SEBIES OF EDUCA TIONAL WOBES. 

1. ENGLAND, Histwy of, by W. D. Hamilton. 5«.; cloth boards, 
Qs. (Also in 5 parts, price Is. each.) 

5. GREECE, History of, by W. D. Hamilton and E. Levien, M.A. 
28. ^. ; cloth boards, Ss. M. 

7. ROME, History of, by E. Levien. 2«. 6d. ; cloth boards, 3*. Qd. 

9. CHRONOLOGY OF HISTORY, ART, LITERATURE, 
and Progress, from the Creation of tiie World to the Con- 
clusion of the Franco-German War. The continuation by 
W. D. Hamilton, F.S.A. Ss. limp ; Ss. 6d. boards. 

11. iENGLISH GRAMMAR, by Hyde darke, D.C.L. Iff. 

11*. HANDBOOK OF COMPARATIVE PHILOLOGY, by Hyde 
CUarke, D.C.L. 1*. 

12. ENGLISH DICTIONARY, containing aboTe 100,000 words, 

by Hyde Clarke, D.C.L. 3ff. 6rf. ; cloth boards, 4*. Gd. 
, with Gh*ammar. Cloth bds. 5ff. 6d. 

14. GREEK GRAMMAR, by H. C. Hamilton. I5. 

15. DICTIONARY, by Hamilton. Vol. 1. Gr.— Eng. 2ff. 

17. Vol. 2. English— Greek. 2*. 

Complete in 1 toI. 4«. ; cloA boards, 6». 

'■ f with Grammar. Cloth boards^ 6«. 

19. LATIN GRAMMAR, by T. Goodwin, M.A. Iff. 

aO. DICTIONARY, by T. Goodwin, MJL Vol. 1. Latin 

—English. 2ff. 
22. Vol. 2. English— Latin. Iff. Qd. 

Complete in 1 vol. 3ff . 6d. ; cloth boards, 4«. 6<*. 

, with Grammar. Cloth bds. 5ff.6i?. 

24. FRENCH GRAMMAR, by G. L. Strauss. 1*. 

25. FRENCH DICTIONARY, by Elwes. Vol. 1. Fr.— Eng. 1#. 

26. Vol.2. English— French. Iff. 6d. 

Complete in 1 vol. 2*. 6d. ; cloth boards, Ss. 6<f.i 

, with Grammar. Cloth bds. 4ff. 6d. 

7, STATIONERS* HALL COURT, l.TTDQcKr:^ ^SCftA*. 



10 EDUCATIONAL WORKS. 

27. ITALIAN GRAMMAE, by A. Elwee. Is. 

28. TRIGLOT DICTIONARY, by A. Elwes. Vol 1. 

Italian — ^English — French. 2«. 

30. Vol. 2. English— French— Italian. 2«. 

32. Vol. 3. French— Italian— English. 28. 

Complete in 1 vol. Cloth boards, 7». Qd. 

: , with Grammar. Cloth bds. 8». 6<^ 

34. SPANISH GRAMMAR, by A. Elwes. li. 

35. ENGLISH AND ENGLISH— SPANISH DIC- 
TIONARY, by A. Elwes. 4». ; cloth boards, 6». 

•, with Grammar. Cloth boards, 6#. 

39. GERMAN GRAMMAR, by G. L. Strauss. 1». 

40. READER, from best Authors. I*. 

41. TEIGLOT DICTIONARY, by N.B. S. A. Hamnton. 

Vol.1. English — German — ^French. Is. 

42. Vol. 2. German— French— English. Is. 

43. Vol. 3. French — German — ^English. Is. 

Complete in 1 voL 3». ; cIg3i boards, 4». 

, with Grammar. Cloth boards, 5». 

44. HEBREW DICTIONARY, by Bresslau. Vol. 1. Heb.— Eng. 6». 
'■ , with Grammar. 7s. 

46. Vol. 2. English— Hebrew. 3*. 

Complete, with Grammar, in 2 vols. , Cloth boards, 12». 

46#. GfRAMMAR, by Dr. Bresslau. Is. 

47. FRENCH AND ENGLISH PHRASE BOOK. 1*. 

48. COMPOSITION AND PUNCTUATION, by J.Brenan. h. 

49. DERIVATIVE SPELLING BOOK, by J. Rowbotham. IsM 

50. DATES AND EVENTS. A Tabular View of English History, 

with Tabular Geogfraphy, by Edgar H. Rand. U. 
.51. ART OF EXTEMPORE SPEAKING. Hints for tie 

Pulpit, the Senate, and tiie Bar, by M. Bautain, Professor at 

the Sorbonne, &c. 2.?. 6d. [2fow ready. 

ry2. MINING AND QUARRYING FOR SCHOOLS, First Book 

of, by J. H. Collins. Is. 6d. [Now ready. 

r^'^. PLACES AND FACTS : A Compendium of Geography, h. 

THE 

SCHOOL MANAGERS' SERIES OF BEADING BOOKS, 

Adapted to the Hequiranents of the New Code o/" 1871. 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary 

Canon of Ely ; formerly H.M. Inspector of Schools. 

s. d. 8. d. r s. d. 

First Standard 3 Third Standard 8 ! Fipth Standard 1 
Second „ 6 Fourth „ 10 | Sixth „ 12 
Lessons from the Bible. Part 1. Old Test. Is. [graphy. l«.2rf. 
Lessons from the Bible. Part 2. New Test., and Scripture Geo- 
Or the two parts hound in die VoIut^xc, pric« 2s. 

PUBLISHED BY TaOC^^OQ\i &. C»^-, 



EDUCATIONAL AND CLASSICAL WOEKS. 11 



LATIN AND GREEK CLASSICS, 

WITH EXPLANATORY NOTES IN ENGLISH. 



LATIN SERIES. 



9 



1. A NEW LATIN DELECTUS, with Vocabularies and 

Notes, by H. Young la. 

2. O^SAE. De Bello Gallioo ; Notes by H. Young . . 2». 

3. CORNELIUS NEPOS ; Notes by H. Young . . . k. 

4. VIRGIL. The Greorgics, Bucolics, and Doubtful Poems; 

Notes by W. Rushton, M.A., and H. Young . 1«. 6i. 

6. VIRGHL. -2Eneid ; Notes by H. Young . . . 2jj. 

6. HORACE. Odes, Epodes, and Carmen Seculare, by H. Young 1«. 

7. HORACE. Satires and Epistles, by W. B. Smith, M. A. 1«. 6rf. 

8. SALLUST. Catiline and Jugurthine War; Notes by 

W. M. Donne, B.A . 1«. 6<i. 

9. TERENCE. Andria and Heautontimorumenos; Notes by 

the Rev. J. Davies, M.A 1«. 6<f. 

10. TERENCE. Adelphi, Hecyra, and Phormio; Notes by 

the Rev. J. Davies, MA 2». 

LI. TERENCE. Eunuchus, bjr Rev. J. Davies, M.A. . U. 6ef. 
Nos, 9, 10, and 11 in 1 vd, cloth boards^ 6s. 

L2. CICERO. Oratio Pro Sexto Roscio Amerino. Edited, 

with Notes, &c., by J. Davies, M.A 1*. 

14. CICERO. De Amicitia, de Senectute, and Brutus ; Notes 

by the Rev. W. B. Smith, M.A 2*. 

[6. LIVY. Books i., ii., by H. Young . . . . 1«. 6<?. 

l6*. LIVY. Books iii., iv., v., by H. Young . . . !«. %d. 

L7. LIVY. Books rri., rxii., by W. B. Smith, M.A. . 1«. Qd. 

19. CATULLUS, TIBULLUS, OVID, and PROPERTIUS, 

Selections from, by W. Bodham Donne . . . . 2«. 

». SUETONIUS and the later Latin Writers, Selections from, 

by W. Bodham Donne 2«. 

21. THE SATIRES OF JUVENAL, by T. H. S. Escott, M.A., 

of O.ueen's College, Oxford Iff. 6i. 

7, STATIONERS* HALL COUB,T, "LVJIiOckT^ ^SXXA*. 



12 EDUCATIONAL AND CLASSICAL WORKS. 



GREEK SERIES. 

WITH aXFLANATOST NOTES IN ENGLISH, 



1. A NEW GBEEK DELECTUS, by H. Young . . h. 

2. XENOPHON. Anabasis, i. ii. iii., by H. Young . . 1«. 

3. XENOPHON. Anabasis, iv. v. vi. vii., by H. Young . h, 

4. LUCLAN. Sdeot Dialogues, by H. Young . .Is. 

5. HOMER. Hiad, i. to vi., by T, H. L. Leary, D.C Jj. 1«. W. 

6. HOMER. Hiad, yii. to lii., by T. H. L. Leary, D.C.L. 1«. W. 

7. HOMER. Hiad, xiii. to xyiii., by T.H. L. Leary, D.CX. 1*. W. 

8. HOMER. Hiad, ra. to mv., by T. H. L. Leary, D.C.L. U. W. 

9. HOMER. Odyssey, i. to vi., by T. H. L. Leary, D.C.L. Is. W. 

10. HOMER. Odyssey, vii. to xii., by T. H. L. Leary, D.CX. I*. W. 

11. HOMER. Odyssey,xiii.torviii.,byT.H.L.Leary,D.C.L.U6rf. 

12. HOMER. Odyssey, xix. to mv. ; and Hymns, by T. H. L. 

Leary, D.CL 2». 

13. PLATO. Apologia, Crito, and Phaedo, by J. Davies, MA. 2j. 

14. HERODOTUS, Books i. ii., by T. H. L. Leary, D.CL. 1*. Qd. 
16. HERODOTUS, Books iii. iv., by T. H. L. Leary, D.CX. 1*. 6d. 

16. HERODOTUS, Books v. vi. vii., by T. H. L. Leary, D.CL. Is. 6d. 

17. HERODOTUS, Books viii. ix., and Index, by T. H. L. 

Leary, D.CX Is.Qd. 

18. SOPHOCLES. (Edipus Tyrannus, by H. Young . . Is. 
20. SOPHOCLES. Antigone, by J. MUner, B.A. . . . 2s. 
23. EURIPIDES. Hecuba and Medea, by W. B. Smith, Mji. I5. 6i. 
26. EURIPIDES. Alcestis, by J. Milner, B.A., . . .Is. 
30. -aSSCHYLUS. Prometheus Vinctus, by J. Davies, M. A. . I*. 
32. -SISCHYLUS. Septem contra Thebas, by J. Davies, M.A. Is. 

40. ARISTOPHANES. Acharnenses, by C. S. D. Townshend, 

M.A . . . U6rf. 

41. THUCYDIDES. PeloponnesianWar. Book i.,byH. Young Is. 

42. XENOPHON. PanegyriconAge8ilau8,byLl.F.W.Jewitt l«.6(f. 

LOCKWOOD t CO., 7, STCkTlO^^^^' YLk\X* CCiVk^g:^. 
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